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Chapter 1 




Problem 1.1 



1.1 Two solid cylindrical rods AB /iC are welded together at B and loaded as 
shown. Determine the magnitude of the force P for which the tensile stress in rod AB 
is twice tlie fiiagnitude of the compressi ve stress in rod 
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Problem 1 .2 



1.2 In Prob. LI, knowing that P=^ 160 kN, determine the average normal stress at 
the midsection of (a) rod AB^ (b) rod BC. 

1.1 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Determine the magnitude of the force P for which the tensile stress in rod AB 
is twice the magnitude of the compressive stress in rod BC, 
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Problem 1.3 




1-3 Two solid cylindrical rods AB and BC axe welded together at B and loaded as 
shown. Knowing that the average normal stress must not exceed 1 75 MPa in rod A B 
and 1 50 MPa in rod BC, determine the smallest allowable values of r/; and r/;. 
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Problem 1.4 




1.4 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Knowing that d/ ^ 50 mm and <?= 30 mm, find average normal stress at tite 
midsection of (a) rod AB^ (h) rod BC\ 
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Problem 1.5 



A 5 A strain gage located at C on the surface of bone AB indicates that the average 
normal stress in the bone is 3.80 MPa when the bone is subjected to two I200-N 

knowing that its outer diameter is 25 mm, determine the inner diameter of the bone's 
cross section at C. 
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Problem 1 .6 




L6 Two steel plates are to be held together by means of 16-mm-diameter high- 
strength steel bolts fitting snugly inside cylindrical brass spacers. Knowing that the 
average normal stress must not exceed 200 MPa in the bolts and 130 MPa in the 
spacers, determine the outer diameter of the spacers that yields the most economical 
and safe design. 
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Problem 1 .7 
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IJ Each of the four vertical links has an 8 x 36'mm unifoim fectanguiar cross 
Section and each of the four pins has a I6-mm diameter. Determine the maximum 
^^valuejof ||iejverage 
points C and E. 
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Problem 1 .9 



1.9 Knowing that link DE is 25 mm wide and 3 mm thick, determine 
the nomal stress in tJie centrai poition of that link when (a) 0 “ 0, (i^) 0 ~ 90*". 
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Problem 1 .10 



JJO Liuk has a uniform rectangular cross section 3 mm thick and 1 2 rnin wide. 
Determine the normal stress in the central portion of the link. 
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Problem 1.11 



U t The rigid bar EFG is supported by the truss system shown. Know- 
ing that the member CG is a solid circular rod of 18 mm diameter, determine 
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Problem 1.12 





V IS kN 



h 12 The rigid bar EFG is supported by the truss system shown. Deter- 
mine the cross-sectional area of member A /i tbr which the nomia! stress in the 
member is J 05 MPa. 
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Problem 1.13 



1.13 A couple M of magnitude 1500 N • m is applied to the crank of an engine. For 
the position shown, determine («) the force P required to hold the engine system in 

cq uiJ, jb rium...(^) the ayerageiiQrmal stress 

inm^ unifomi cross section. 





Use. J 

4o<^e‘1hkei^ as 

t'Q,&.c^iov\ H 

P<.o.o4ioi/i4 Ay Ay. 

V ZHa = o: 

(0.380 tv, “ 1^00 ® o 

H - S.3S7I yio^ N 



Us« p»54*w etPo^^e. cLs 4v^e ^ 

toc/y. Nc»4<i 4^ia.4 i« 

<x T'^o-I'ott'ce t»»ew,be^J heytc£ f'be e(*iVe<»f"^oii 

o4 Fee. ts kno'^h . D^^slv,J +i\c -fo/ce 

Ar>af 'Aj'A T Fttff )oy 

prc?po/~f{*OMS. 




^ r J~^00^ + t?0’ 



_ 30B.&I 

< 

l4 Co 



~ zos.gl 

p- 17. 86 aJ0* 

p = n, sc AW 

Fg^ - 1S,Q^3 X/O^ A/ 



Sc is ix CE>*v\p/«ssrov> ZE4s ct«<v i4 4-S"0 »v,w,*^ « VSo xyo »vn 

S4-r«SS, ~ ^ =• -^j.^ y/o" fe<. 

(b) MPa 



Proprietary Material. © 2009 The McGraw-Hill Compai]ie$, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior ^tten permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 





Problem 1.14 



1,14 An aircraft tow bar is positioned by means of a single hydraulic cylinder 
connected by a 25-mm-diameter steel rod to two identical arm*and- wheel units DEF. 



the position shown, determine the normal stress in the rod. 
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Problem 1.15 






1.15 The wooden members /I and B are to be joined by plywood splice plates that 
will be fully glued on the surfaces in contact. As part of the design of the Joint, and 

determine the smallest allowable length L if the average shearing stress in the glue is 
not to exceed 700 kPa. 
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Problem 1.16 



1.16 When the force P reached 8 kN» the wooden specimen shown failed in shear 
along the surface indicated by the dashed line. Determine the average shearing stress 
along that surface at the time of failure. 
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Problem 1.17 



i — 16 nnij 



1J7 Two wooden planks, each 1 2 mm thick and 225 mm wide, are joined by the dry 
mortise joint shown. Knowing that the wood used shears offalong its grain when the 
Wefage shewing ^tr^ss reaches 
which will cause the joint to fail 
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Problem 1.18 




1.18 A load P is applied to a steel rod supported as shown by an aluminum plate into 
which a 1 2»mm‘diameter hole has been drilled. Knowing that the shearing stress 
must not exceed 180 MPa in the steel rod and 70 MPa in the alunfilnum plate, 
determine the largest load P that can be applied to the rod. 
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Problem 1.19 



1*19 The axial force in the column supporting the timber beam shown is kN, 
Determine tlie smaliest ailowabie length L of tlie bearing plate if the bearing stress in 
"the^timbei^isTOt^to^exceed 3:0 
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Problem 1.20 



L20 The load P applied to a steel rod is distributed to a limber support by an annular 
washer, 'i'he diameter of the rod is 22 mm and the inner diameter of the washer is 25 
mm, wliich is slightly larger than the diameter of the hole, Determine the smallest 
allowable outer diaTiieler c/ of the wasjier, knowing that the axial normal stress in the 
steel rod is 35 MPa and that the aveiage bearing stress between the washer and the 
limber must not exceed 5 MPa. 







SieeJ roJ- A= (0,OT:7)'^ ^ 3BO. ij’y/O 

6" = ZSxio'^ 

pr g-A - (35y/0^'}( Sgo, V ?rf“' 



-G t 
> W. 



Was Ke'y- f 



57= S X lo 






A _ -P- _ ) 3 . 30 '.^v>r 
' syio^ 



=r 2,GGORxIO 



At - 

r- d2 *■ ^ 

. (O.OZS-t * 

- 4 . (9 '3 > lo'^ 



cJl ~ €3 , 3 > ic?* vv, 



<A-' 6S.3 



Problem 1,21 




1.21 A 40-kN axial load is applied to a short wooden post that is supported by a 
concrete footing resting on undisturbed soil. Determine (r/) the maximum bearing 
stress on the concrete footing, (^) the size of the footing for which the average 
bearing stress in the soil is 145 kPa. 
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Problem 1 .22 




1.22 An axial load P is supported by a short W200 X 59 coJutnn of 
cross-sectional area A - 7560 min^ and is distributed to a concrete foundation 
by a square plate as shown. Knowing that the average normal stress in the col- 
umn must TK)t exceed 200 MPa and that the bearing stress on the concrete 
foundation must not exceed 20 MPa, determine the side a of the plate llial 
will provide the nniost ccortomical and safe design. 
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Problem 1.23 



1.23 A 6-mm-dianieler pin is used at connection C of the pedal shown. Knowing that 
P " 500 N, determine {a) the average shearing stress in the pin, (b) the nominal 
bearing -stress in the pedal at C, (c) the nominal bearing stress in each support bracket 
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Problem 1 .24 



L24 Knowing that a force P of magnitude 750 N is applied to the pedal shown, 
determine (a) the diameter of the pin at C for vvhich the average shearing stress in the 
pin is '40 MPa, {h) the corresponding bearing stress in the pedal at C, (r?) the 
conesponding bearing stress in the each support bracket at C. 
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1.26 Two identical linkage-and-hydraulic-cyliader systems control the 
position of the forks of a fork-h supported by the one system 

shown is 6 kN. Knowing that the thickness of member BD is 16 mm, deter- 
mine {a) the average shearing stress in the 12-mm-diameter pin at /?, (b) the 
bearing stress at B in member BD. 
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Problem 1.27 









1,27 For the assembly and loading of Prob. 1 .7, determine (a) the average shearing 
stress in the pin at 7i» (d) the average bearing stress a! ^ in member BD, (c) the 
average bearjng stress at Bin 
mm uniform rectangular cross section. 

1.7 Each of the four vertical links has an 8 x 36-mm uniform rectangular cross 
section and each of the four pins has a 16-mm diameter. Determine the maximum 
value of the average normal stress in the links connecting (c/) points B and 7), (b) 
points C and B, 
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Problem 128 



L28 Link AB, ol width b “ 50 mm and thickness / ~ 6 mm, is used lo support the 
end of a hori/ontal beam. Knowing that the average normal stress in the link is -140 
M and that tiie aygrgge ^ each . of the : t\vo ns - is 80 . hiLa v.. 

dclemiine {a) the diameter d oi the pins, (/)) the average bearing stress in the link. 
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Problem 1 .29 




1.29 The 5.6-kN load P is supported by two wooden members of uni- 
form cross section that are joined by the simple glued scarf splice 
termine the normal and sheanng stresses in the glued splice, 

P r 0 r 90“ -60* ^ 30” 
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A 'i 



6 



r ^ 






-3 

ilS 



Ps:.^e ^ 

(2")(^ui75' V/c» 



Problem 1 .30 




1.30 Two wooden members of uniform cross section are joined by the 
simple scarf splice shown. Knowing that the maximum allowable tensile stress 
in the glued splice is 525 kPa, determine (a) the largest load P that can be 
safely supported, {b) the conesponding tensile stress in the splive* 
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Problem 1 .33 




t*33 A centric load P is applied to the granite block shown. Knowing 
that the resulting maximum valoe of the shearing stress ill the block 
determine (a) the magnitude of P, (b) the orientation of the surface on which 
the maximum sheaiing stress occurs, (r) the normal stress exerted on the sur- 
face, (d) the maximum value of the normal stress in the block. 
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Problem 1.34 




1,34 A 960"kN load P is applied to the granite bk^k shown. Determine 
the resulting maximum value of {a) the normal stress, ib) the shearing stress. Spec- 
iiy the orientation of tlie plane on which each of these maximum values occurs. 
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Problem 1.35 




1,35 A steel pipe of 400'mm outer diiuneter is fabricated from ] 0-mnvthick plate by 
welding along a helix that forms an angle of 20" with a plane perpendicular to the 
axis of the pipe. Knowing that the maximum a 1 1 owab I e normal and shea riiig stresses 
in the directions respectively normal and tangejitial to the weld are fx - 60 MPa and r 
^ 36 MPa, dctemi ine the magnitude P of the largest axial force that can be applied to 
the pipe. 
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Problem 1.36 




1 .36 A steei pipe of 400-mm outer diameter is fabricated from ! 0-mm-tiiick plate by 
welding along a helix that forms an angle of 20'* with a plane perpendicular to the 
axis of tlic pipe. Knowing that a 300-kN axial force P is applied to the pipe, 
determine the normal and shearing stresses in directions re.spectively normal and 
tangential to the weld. 
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Problem 1 .40 



L40 The horizontal link BC is 6 mm thick, has a width w = 30 rnni, 
isjmiad^ of a vSieel with a 45p-MPa uldmaje 




Problem 1.41 




1.41 The horizontal link BC is 6 mm thick and is made of a steel with 
a 450-MPa ultimate strength in tension. What should be the width w of the link 
if the structure shown is to be designed to support a load P “ 32 kN with a 
factor of safely equal to 3? 
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Problem 1 .43 



i(i kN 195 mm 




Po ^ %Jw 

<)4 spi’i’tLei L = 



I »43 I'lie two wooden members shown, which support a 1 6-kN load, are joined by- 
plywood splices fully glued on the surfaces in contact. The ultimate shearing stress in 
the glue is Z.5 MPa and the clearance 

required length L of each splice if a factor of safety of 2.75 is to be acitieved. 
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Problem 1.44 



1 a kN 125 ^rmi 




1.44 For the joint and loading of Prob. 1 .43, determijic the factor of safety, knowing 
that the length of each splice is L - 1 80 mm. 

1.43 The two wooden members shown, which support a 16-kN load, are joined by 
plywood splices fully glued on the surfaces in contact. 31ie ultimate shearing stress in 
the glue is 2.5 MPa and the clearance between the members is 6 mm. Determine the 
required length L of each splice if a factor of safety of 2.75 is to be achieved. 
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Problem 1 .45 




I U) kN 



L4S Three 1 S-rmn-diameter steel bolts are to be used to attach the sled plate shown 
to a wooden beam. Knowing that the plate will support a 1 10-kN load and that the 
ultimate shearing stec! itsed [s 360 MPa deteriniu^ the faclpr pPsa^^ 

for this desmn. 
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Problem 1.46 



L46 'I'hree steel bolts are to be used lo attacli the steel plate shown to a wooden 
beam. Knowing that the plate will support a 1 10 kN load, that the ultimate shearing 
Stress lor the steel used is 360 MPa, and that a Tactor ofsaiety of 3,35 is desired, 
delermitie the required diameter of the bolts. 
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Problem 1 .47 



L47 A load P is supported as shown by a steel pin that has been inserted in a short 
wooden member hanging tom the ceiling. Hie ultimate strength of the wood used 
is 60 MPa in tension and 7.5 MPa in shear, while the idtimate stj^ 
i 45 MPa In shear. Knowing that Ib^ M mm, c - mm, and (i- \2 mm, detemiine 
the load P if an overall factor of safety of 3.2 is desired. 

L4H For the support of Prob. 1 .47, knowing that (he diameter of the pin is d «« 16 
mm and that the magnitude of the load is P “ 20 kN, determine (a) the factor of 
safety for the pin, 0) the required values of b and c if the factor of safety for the 
wooden mem^rs is tlie same as that found in part a for the pin. 
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Problem 1 .49 




1 .49 Each of the two vertical links CF connecting the two horizontal members AD 
has a IQ ^ 40rmm umfom^o 

with an ultimate strength in tension of 400 MPa, while each of the pins at C and F 
has a 20-mm diameter and is made of a steel with an ultimate strength in shear of 150 
MPa. Determine the overall factor of safety for the links CF and the pins connecting 
them to the horizontal members. 
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Problem 1.50 



l.SO Solve Prob. 1 .49, assuming that the pins at C and Fliave been replaced by pins 
with a 30 mm diameter 



250 mm 



400 mm 



250 mm 




1.49 Each of the two vertical links CF connecting the two horizontal members AD 
and EG has a uniform rectangular cross section 10 mm thick and 40 mm wide, and 
is made of a steel with an ultimate strength In tension of 400 MPa. The pins at (.’and 
/■ each have a 20 mm diameter and are made of a vSteel with an ultimate strength in 
shear of 1 50 MPa. Determine the overall factor of safety for the links O' and the pins 
connecting them to the horizontal members. 
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Problem 1.51 




1.51 Each of the steel links AB and CD is connected to a support and to member 
.... . SjCS! te e shear. Knowingi^ 

shearing stress is 21 0 MPa for the steel used in the pins and that the ultimate normal 
stress is 490 MPa for the steel used in the links, determine the allowable load P if an 
overall factor of safety of 3.0 is desired. (Note that the links are not reinforced 
around the pin holes.) 
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Problem 1.62 LS2 An alternative design is being considered to support member BCE of Prob. 

LSI, in which link CD will be replaced by two links, each of 6^50-inin cross 

■ ■- be in double shear. Assuming that aliother 

ISO mm - specifications remain unchanged, determine the allowable load P if an overall 

h - I factor of' sa fetv o i' 3 .0 i s desired , 

-LJ |P 

1 I 1 Pach of the steel links AB and CO is connected to a support and to member 

\ ^ by 25-nini-'diamcter steel pins acting In single vShear Knowing that the 

V ^ ultimate shearing stress is 210 MPa for the steel used in the pins and that the 

ultimate normal stress is 490 MPa for the steel used in the links, determine the 
allowable load P If an overall factor of safety of 3.0 is desired. (Note that the links 
are not reinforced around the pin holes.) 
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Problem 1 .53 



L53 Jn the steel structure shown, a ^-mm-diameter pin is used at C and !()-inni- 
diameter pins are used at B and D. The ultimate shearing stress is 1 50 MPa at all 

factor of safety of 3.0 i>s desired, determine the largest load P that can be applied alA. 
Note that link BD is not reinforced around the pin holes. 
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Problem 1.54 




1.54 Solve Prob. 1.53, assuming that the structure has been redesigned to use 12-* 
mm-diameler phis at B and D and no other cliange has been made. 

OJ ' Wt hb sK! strUctuM 

diameter pins are used at B and /X The ultimate shearing stress is 150 MPa at ail 
connections, and the ultimate normai stress is 400 MPa in link BD. Knowing that a 
factor of safety of 3.0 is desired, determine the largest load V that can be applied at ,4. 
Note that link BD is not reinforced around the pin holes. 
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Problem 1 .56 



Top view 



1,56 In an aitemative design for the structure of Prob. 1 .55, a pin of 10-mm-diameter 
is to be used at Assuming that all other specifications remain unchanged, 
determine the allp>yafe if an pyeral I factor o f safety pf 3.0 is desired..:^^:^ 

1,55 In the structure shown, an 8-mm-diameterpin is used at .4, and 12-mm-diameter 
pins are used at B and D. Knowing that the ultimate shearing stress is 1 00 MPa at all 
connections and that the ultimate normal stress is 250 MPa in each of the two links 
joining B and D, determine the allowable load F if an overall factor of safety of 3,0 is 
desired. 
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Problem 1.57 




*L57 A 40-kg platform is attached to the end 5 of a 50-kg wooden beam /ti?, which 
is supported as shown by a pin at A and by a slender steel rod BC with a 12-kN 
ultimate load: (o) l!lsing the Load and Resistanc 

resistance factor ^ 0,90 and load factors /o = 1-25 and = 1.6, determine the 
largest load that can be safely placed on the platform, (h) What is the corresponding 
conventional factor of safety for rod BC? 
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ProWem 




* 1,58 The Load !3e^iga rneditKl is to be iKsed to 

select the two cables that will raise and lower a platform supporting two win- 
dow washers. 71ie platform weighs 72 kg and each of the window washers is 
assujiied to weigh 88 kg with equipment. Since these workers are free to move 
on the platform, 7,5% of their total weight and the weight of their equipment 
will be used as the design live load of each cable, (a) Assuming a resistance 
factor (j) - 0.85 and load factors ™ L2 and “ L5, determine the re- 
quired minimum ultimate load of one cable. (/;) What is the conventional fac- 
tor of safely for the selected cables? 
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Problem 1 .59 




Proprietary Material. © 2009 The McGraw-Hill Companies^ luc. All riglits reserved. No part of this Manual maybe displayed, reproduced, or 
dislributcd in any form or by any means, without the prior written permission of the publisher, or used beyond tJie limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 



Problem 1 .60 




L60 Two horizontal 20 kN forces are applied to pin B of the assembly 
shown. Knowing that a pin of 20 rnm diameter is used at each connection, de~ 
terffilhe maximum value of the average normal stress (<?) in 1 ink A5, (i&) in 
link BC. 
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Problem 1 .61 



45 null 



20 kN 
20 kN 




1 .61 For the assembly and loading of Prob, 1 .60, determine (a) the av- 
erage shearing stress in the pin at C, (h) the average bearing stress at C in mmn- 
the avemge bearing stress at B in member 

1.60 Two horizontal 20-kN forces are applied to pin B of the assembly 
shown. Knowing that a pin of 20-mm diameter is used at each connection, de- 
ternijne the maximum value of the average normal stress (a) in link ABy (h) in 
link BC. 
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Problem 1.62 



L62 Two wooden planks, each 22 mm thick and 160 mm wide, are joined by the 
glued mortise joint shown. Knowing that the joint will fail when the average shearing 
; stress, in the glue reaches 820. kPa, detennin 

cuts if the joint is to withstand an axial load of magnitude P == 7.6 kN. 
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Problem 1 .63 




45 rnm 



Ab= 7^00^ + 4i" 

■=5 horn 



1.63 The hydraulic cylinder CF, which partially controls the position of rod DE, has 
been locked in the position shown. Member BD is 15 mm thick and is connected to 
,.:.::lte..:verUc^,rpd..by.j.9:mm;rdi®e^ 

determine (a) the average shearing stress in the bolt, (b) the bearing stress at C in 
member BD. 
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Problem 1.64 



175 miTi " 
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L64 The hydraulic cylinder CF, which partially controls the position of rod DE, has 
been locked in the position shown. Link has a uniform rectangular cross section 
: :Of 1 2 is connected to member by an S^mm^diameter pin. 

Knowing that the maximum allowable average shearing stress in the pin is 140 MPa, 
determine (a) the largest force P which may be applied at E when 0 ^ 60°, (b) the 
corresponding bearing stress at B in linkyt^, (c) the corresponding maximum value 
of the normal stress in link AB. 

Use "BCD cxs> tx-fr-ee. 
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Problem 1 .66 
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Problem 1 .67 




1.67 A steel plate 10 mm thick is embedded in a horizontal concrete slab and is used 
to anchor a high-strength vertical cable as shown. The diameter of the hole in the 
:; pialeis J4 nun, the ultimate strength 

bonding stress between plate and concrete i s 2. 1 MPa. Knowi ng that a factor of safety 
of 3.60 is desired when P = 1 8 kN, determine (a) the required width a of the plate, 
(b) the minimum depth b to which a plate of that width should be embedded in the 
concrete slab. (Neglect the norma! stresses between tlie concrete and the lower end of 
the plate.) 
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Problem 1 .68 



1.68 The two portions of member AB are glued together along a plane 
forming an angle 0 with the horizontal. Knowing that the ultimate stress for 
the glued jpm is 1 7 MPa in teiision and 9 MPa in shear, detenni 
of values of 0 for which the factor of safety of the members is at least 3.0. 
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Problem 1 .69 
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1 .69 The two portions of member AB are glued together along a plane 
forming an angle 0 with the horizontal. Knowing that the ultimate stress for 
the glued joint is 17 MPa in tension and 9 MPa in shear, determine (a) the 
value of 6 for which the factor of safety of the member is maximum, (h) the 
corresponding value of the factor of safety. {Him: Equate the expressions ob- 
tained for the factors of safety with respect to normal stress and shear.) 
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Problem 1 .70 




L70 A force P is applied as shown to a steel reinforcing bar that has been embedded 
in a block of concrete. Determine the smallest length L for which the full allowable 
normal stress in the bar can be developed. Express the result in ternis of the diameter 
d of the bar, the allowable normal stress (Xaii in the steel, and the average allowable 
bond stress uw between the concrete and the cylindrical surface of the bar. (Neglect 
the normal stresses between the concrete and the end of tire bar.) 
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PROBLEM LCl 




Elenieiit n 



LCl A solid steel rod consisting of n cylindrical elements welded together is 

The diameter of element i is denoted by di and the 
load applied to its lower end by P,, with the magnitude P. of this load being assumed 
pOvSitive if P^ is directed downward as shown and negative othenvise. (a) Write a 
computer program to determine the average stress in each element of the rod. (b) Uvse 
this program to solve Probs, 1 .2 and I A, 
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PROBLEM LC2 




1.C2 A 20“kN load is applied as shown to the horizontal member ABC, Member 
has a IG X 5G^mm uniform rectangular cross Si^tiort and is supported by four 
vertical links, each of 8 x 36-mm uniform rectangular cross section. Each of the 
four pins oi A C, and Z) has the same diameter d and is in double shear, (a) 
Write a computer program to calculate for values of d from 10 to 30 mm, using 
1-mm increments, (1) the maximum value of the average normal stress in the links 
connecting pins B and D, (2) the average nomal stress In the links connecting pins 
C and (3) the average shearing stress in pin B, (4) the average shearing stress in 
pin C, (5) the average bearing stress at B in member ABC^ (6) the average bearing 
stress at C in member ABC, {b) Check your program by comparing the values 
obtained for d- \6 mm with the answers given for Probs. 1.7 and 1.27. (c) Use 
this program to find the permissible values of the diameter d of the pins, knowing 
that the allowable values of the normal, shearing, and bearing stresses for the steel 
used are, respectively 1 50 MPa, 90 MPa, and 230 MPa. {d) Solve part c, assuming 
that tlie thiclmess of member ABC has been reduced from 10 to 8 nun. 
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PROBLEM I.C2 CONTINUED 



PROGRAM OUTPUTS 



INPUT DATA FOR PARTS (a), (b), (c): P = 20 kN, AB = 0.25 m, BC = 0.40 m, 
AC = 0.65 m, TL = 8 mm. WL = 36 mm. TAG = 10 mm, WAG = 50 mm 



Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C 



10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 
iTTcnr 
18.00 

19.00 

20.00 
21.00 
22.00 

23.00 

24.00 

25.00 

26.00 

27.00 

28.00 
29.00 
30 . 00 



78 . 13 
81.25 
84 . 64 

88.32 

92.33 
96.73 

101.56 
rm 791 
112 . 85 
119.49 
126 . 95 
135.42 
14 S .09 



- 21.70 
- 21 . 70 
■ 21.70 
■ 21.70 
- 21.70 
- 21.70 
■ 21.70 




79,. 58 
65.77 
55.26 
47.09 
40 . 60 
35.37 
31.08 




203.12 




~ 21 V 70 — 


7 X 759 — 


27 TSr - 


191 ". 18 — 


73 “ 753 - 


- 21.70 


63,86 


24.56 


180.56 


69.44 


- 21.70 


57.31 


22 . 04 


171.05 


65.79 


- 21.70 


51.73 


19.89 


162 . 50 


62.50 


- 21.70 


46 . 92 


18 . 04 


154.76 


59.52 


- 21.70 


42.75 


16.44 


147.73 


56.82 


- 21.70 


39 . 11 


15.04 


141.30 


54.35 


- 21.70 


35.92 


13 . 82 


135.42 


52.08 


- 21,70 


33 .10 


12 . 73 


130.00 


50.00 


- 21 . 70 


30,61 


11 . 77 


125,00 


48,08 


- 21 . 70 


28 . 38 


10 . 92 


120.37 


46 ,30 


- 21 . 70 


26.39 


10.15 


116.07 


44 . 64 


- 21.70 


24.60 


9.46 


112 . 07 


43.10 


- 21 . 70 


22.99 


8 . 84 


108.33 


41.67 



125.00 
113 . 64 
104.17 
96.15 
89.29 
83.33 

78.13 (Pj 



CHECK; For d 22 mm, Tau AC - 



(c) ANSWER : 16 mm ^ d ^ 22 mm 
^ 65 MPa < 90 MPa 0,K. 



INPUT DATA FOR PART (d): P - 20 kN, AB - 0,25 m, BC - 0.40 m, 
AC - 0.65 m, XL - 8 mm, WL - 36 mm, TAG - 8 mm, WAC - 50 mm 



10 . 00 
11 . 00 
12 . 00 

13.00 

14.00 

15 . 00 

16.00 

17.00 

18 . 00 

19.00 

20.00 
21.00 
22 . 00 

23.00 

24.00 

25.00 

26.00 

27 . 00 

28.00 

29.00 

30.00 



78.13 
81.25 
84 .64 

88.32 

92.33 
96.73 

101 . 56 
106.91 
112.85 
119.49 
126.95 
135,42 
145.09 




- 21.70 
- 21.70 
- 21.70 
- 21 . 70 
- 21.70 
- 21.70 
“ 21.70 
- 21.70 
- 21.70 
" 21.70 
- 21.70 
" 21.70 
- 21.70 
" 21.70 
- 21 . 70 
- 21.70 
- 21.70 
- 21.70 
- 21.70 
- 21.70 
- 21 . 70 




79 . 58 
65.77 
55.26 
47 . 09 
40.60 



156.25 

142.05 

130.21 

120.19 

111.61 



80 


.82 


31 


,08 






97 


.66 


71 


.59 


27 


.54 






91 


91 


63 


.86 


24 


.56 


225 


.69 


86 


81 


57 


,31 


22 


04 


213 


,82 


82 


24 


51 


73 


19 


89 


203 


,12 


78 


13 


46 


92 


18 


04 


193 


45 


74 


40 


42 


75 


16 


44 


184 


66 


71 


02 


39 


11 


15 


04 


176 


63 


67 


93 


35 , 


. 92 


13 . 


, 82 


169 , 


.27 


65 


. 10 


33 , 


.10 


12 , 


,73 


162 , 


,50 


62 . 


.50 


30 , 


.61 


11 , 


,77 


156 , 


,25 


60 , 


, 10 


28 , 


.38 


10 . 


,92 


150 , 


,46 


57 . 


.87 


26 , 


,39 


10 . 


, 15 


145 , 


.09 


55 , 


.80 


24 , 


.60 


9 , 


,46 


140 , 


.09 


53 . 


, 8 ^ 


22 . 


.99 


8 , 


,84 


135 , 


.42 


52 , 


.08 



(t) 



Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C 



CHECK: For d-22 mm, Tau AC ' 



(d) ANSWER ; 18 mm :s,d &22 mm 
= 81.25 MPa <90 MPa O K. 



^ (d) 




PROB1.EM l.€3 




1.C3 Two horizontal 20 kN forces are applied to pin 5 of the assembly 
showHv Each of the three pins at and C has the same diameter and is 
In double shear («) Write a computer program to calculate for values of d from 
12.5 mm to 37.5 mm, using 1.25~mm Increments, (1) the maximum value of 
the average normal stress in member AB, (2) the average normal stress In 
member BC, (3) the average shearing stress in pin A, (4) the average shearing 
stress in pin C, (5) the average bearing stress at A in member A (6) the average 
bearing stress at C in member BC, (7) the average bearing stress at /i in member 
BC. (b) Check your program by comparing the values obtained for d-2i) mm 
with the answers given for Probs. 1.60 and 1.61. (c) Use this program to find 
the permissible values of the diameter d of the pins, knowing that the 
allowable values of the normal, shearing, and bearing stresses for the 
steel used are, respectively, 150 MPa, 90 MPa, and 250 MPa. (d) Solve part c, 
assuming that a new design is being investigated in which the thickness 
and width of the two members are changed, respectively, from 12.5 to 8 mm 
and from 45 mm to 60 mm. 

SOLUTION 



F'DRCtS IN members AB BC 

TRER 8opr% Pins 




FROfH FORCE TRIRNFLE- 
Fab _ Fbo 

^in H-S" ^ SlnSO'" Sir) 75^ 

F = lP(SmH.5ys)n 75-^) 

^^ = Z-p(t><^^6Qysit<7y) 



( IN S3 



aX Width =■ 1 AT 

LP>C = (^~ d) t 

63 PjJlA 



(z) STRE^^ IN Be . 




P(R C 

T7^c/2)Ard7t) 



(!j) BfhniNQ STRESS FT A 
5% 8€d( h - rpis/dt 

(y) BBP1R1R& STRB$^ AT e 

IN Member p>c 

Sig &^r B' fzdl 



(Q) PtmiN& STRESS AFC 

St'B Bear C ^ /ett 



(CONTINUED) 




PROGRAM OUTPUTS 

INPUT DATA FOR PARTS (a), (b),(c): P =2(5 M t=IZmHa 



I) 




^/6,&c 


lAUA 


/AUC 


^!C,BA6A 


S!C:,AnO,C 




An 




MPr. 




M P<^ 


MPc\ 


MPa 


MPa. 


!%’S 


77‘ (>Si 




■^izs-si^ 




iGh 


2y7‘27<r 




n-s 


^;/.'77 5 


- 6^' 6S'7 


(>&• B>1B 


B 0* ^ '2'C 




Hi>- toll.. 




2.0 


too • 




3'0'lo^ 


bl’¥lO 


itb^/Bsr 


/ S 


n> 17 t^(b) 




Xlk 


6 7 


2,^.-T6o 


12^S2‘4' 


^(•in 


UZ'i^X' 


JT4. 2 0 1 


37 S' 




[ 6^7 




/7'77i 


C }, '2- 




^/■Hf 



}'7'Smm < d i 71‘Sjnrf\ 



INPUT DATA FOR PART (d);P = 2^kN w=6tih>M 



J) 

M rin 


ST 6 A & 
mFa 


/nPo, 


7AiAA 
M Pa 


T 44^ic; 
/UPf, 


M Pc , 


2 / (» PA.0 
MP^, 


MPa 


IX‘F 




-2S-2S7 


/'Z<P‘-3-.?7 


/X7. /fzo 


55 4'4‘^f7 




xob‘0 In 


76 


/ 0 X ‘ / T 




Xo, ;ie^ 


bl - p^io 


7 1 0 ■ 2 f / 


2^7>m 


llB- 7 ‘^7 


Z5* 


/ Zt?* i2c 




2 i • /Si 




IbB-ZlP 


okH 


10 i<olX 


ihJP 




-Bs^Br7 


>0 <-i' fcl" 


ZP. /f ? 


il(F>S^l7 




2x‘ ml 


11 -S' 




J7 


|4‘ 


17- 3 




1173 7 b 


6 A' > kP 2 



{ 4 ) A'u.Um r»« M £.( £ i / ■■ z f 
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PROBLEM LC4 



375 mm 




1«C4 A 16 kN force P forming an angle a with the vertical is applied 
which is supported by a pin and bracket at (? and 
by a cable BD forming an angle /3 with the horizontal, (a) Knowing that the 
ultimate load of the cable is 100 kN» write a computer program to construct a 
table of the values of the factor of safety of the cable for values of a and p 
from 0 to 45”» using increments in a and corresponding to 0.1 increments in 
tan a and tan (h) Check that for any given value of a the maximum value 
of the factor of safety is obtained for p “ 38.66® and explain why. (c) De- 
termine the smallest possible value of the factor of safety for p - 38.66®, as 
well as the corresponding value of a, and explain the result obtained. 

SOLUTION 



B, OF ABc: 



A 



1 

/r\w] 


3 


JC 


-«f — 4^0 




io0 M M 



^ M ■= 0:(Ps}ncy)(^7SinM)+iFcoj)(>^[7S0h^t>i) 

w 

- ( Sit) p>)(iO0hM^-O 

F - p /S'sina -f- so co^x 
IS co^fi + 5/n^ 

F5. ^ F^lt/F 



OUTPUT FOfi p— 



VALUES OF FS 
BETA 





0 


S.71 


11.31 


16 . 70 


21.80 


26.56 


30 .96 


34.99 


38,66 


<41.99 


45,00 


ALPHA 
























O.QOO 


3.125 


3.358 


3.555 


3.712 


3.830 


3.913 


3.966 


3.994 


4.002 


3 . 995 


3 , 977 


5.711 


2,991 


3.214 


3.402 


3 .5B2 


3.666 


3,745 


3,796 


3.823 


3.830 


3.824 


3.807 


11.310 


2.897 


3.113 


3>295 


3.441 


3,551 


3.628 


3,677 


3.703 


3.710 


3.704 


3.687 


16.699 


2,837 


3.049 


3.227 


3.370 


3.477 


3.553 


3,600 


3,626 


3,633 


3.627 


3.611 


-21.801 


2,805 


3.014 


3,190 


3 . 331 


3-438 


3,512 


3,560 


3*585 


3.592 


3.586 


3,570^ 




2.795 


3.004 


3.179 


3.320 


3.426 


3.500 


3.547 


3.572 


3,579 


5.573 


'3'.?sa| 


30.964 


2.803 


3.013 


3 . 189 


3.330 


3.436 


3.510 


3 .558 


3.583 


rrs^ 


3V584 


■T756S 


34,992 


2,826 


3.036 


3.214 


3.356 


3.463 


3.538 


3.586 


3,611 


K619 


3.612 


3.596 


38.660 


2.859 


3.072 


3.252 


3.395 


3.503 


3.579 


3,628 


3.653 


K661 


3.655 


3.638 


41,987 


2.899 


3.116 


3.298 


3.444 


3,554 


3.631 


3.680 


3,706 


K713 


3.707 


3.690 


45.000 


2 . 946 


3.166 


3.351 


3.499 


3.611 


3.689 


3.739 


3.765 


5,773 


3.767 


3.750 



(b) Vjh^np - bB, 6^J fanfl - 0,B and caUe BD )s 

to fhc /<?\/er arm Be. 






for W=-Z6‘6 



perj^endicula^ 
P /'s perpenri icuiar fo /-he. 



(c) F,S.~ 3S7$ 
lever Qrhr\ /\C 
NOTE: 

The volyt^ F S. -3>S79 is ihe sm^Hesi c>i fhe i/a lu €S of p5. 
ciorre3p6ndrn3 U /Z ~ 3 8. 66 ' atid the larje^l of fhose 
cor're.sp6nd«'n^ to 0(~ Z 6,$*^ The. point 6* 

F a Saddle poini"^ or "/Vlrii may” oi fl^e funciion F^S, fov ^ft). 




PROBLEM hCS 






1.C5 A load P is supported as shown by two wooden members of uni- 
fonti rectangidai cross section am joined by a simple glued scarf splieev 
(a) Denoting by (Xu and respectively, the ultimate strength of the joint in 
tension and in shear, write a computer program which, for given values of a, 
values of a from 5 to 85*" at 5° intervals, can be used 
to calculate (I) the normal stress in the joint, (2) the shearing stress in the Joint, 
(3) the factor of safety relative to failure in tension, (4) the factor of safety rel- 
ative to failure in shear, (5) the overall factor of safety for the glued joint, (h) 
Apply this program, using the dimensions and loading of the members of Probs. 
1.29 and 1.31, knowing that — 1.26 MPa and Ty ™ 1.50 MPa for the glue 
used in Prob. 1.29, and that ay — 1.03 MPa and Ty = 1.47 MPa for the glue 
used in Prob. 1 .31 . (e) Verify in each of these two cases that the shearing stress 
is maximum for a -- 45^^. 



SOLUTION 



u 

ft) and (2) Draw- ifie fTE-dhac; of Jow^r niotnbcr: 
y/ ^ 



Ml 

\j d Y -VfPcos^=0 V-PcT^ 

4 /^ p' - 0: F ~ P^in(X =: o F - Fs }tJ ' 

Area. - ab/slnfk' 

Norm! she55 ; 

^ ^ ~ F~ ~ Si nPod 

Area 

SheArln^ Sire,^ , ^ ^ ^ ^ (f/d b) ShtXcot,0( 

O) BS'.-for tension 

FSN - Q-y /(? 

Cff) F 5. For shea.r: 

F55 - 

C~^) PS.: 

p5 r* T'Z/e Sma Her of F-FH rx\)d F35s 



V 4- Pcos'^= O 



V - P’ CT^ (Y 
F = Ps'mOf 



(CONTINUED) 




PROBLEM I.C5 CONTINUED 










Pf?OGrR/)M oujpun 








Problem 


1.31 










a ” 


150 mm 










b - 


7 5 mm 










P - 


11 kN 










SIGU = 1.26 MPa 

TAUU *= 1.50 MPa 








ALPHA SIG (MPa) 


TAU (MPa) 


FSN FSS 


FS 




5 


.007 


.085 169.644 17.669 


17.669 




10 


.029 


.167 


42.736 8.971 


8.971 




15 


.065 


.244 


19.237 6.136 


6.136 




20 


.114 


, 314 


11.016 4.773 


4.773 




25 


.175 


.375 


7.215 4.005 


4.005 




30 


.244 


.423 


5.155 3.543 


3,543 




35 


.322 


.459 


3.917 3.265 


3.265 




40 


. 404 


. 481 


3.119 3.116 


3.116 


^ (fc) ^ (c:) 


45 


.489 


.489 


2,577 3.068 


2.577 


50 


.574 


.481 


2.196 3.116 


2.196 




55 


.656 


.459 


1.920 3.265 


1.920 




60 


.733 


.423 


1.718 3.543 


1.718 




65 


.803 


.375 


1.569 4.005 


1.569 




70 


.863 


,314 


1.459 4.773 


1.459 




7 5 


.912 


.244 


1.381 6.136 


1.381 




80 


.948 


.167 


1.329 8.971 


1.329 




85 


. 970 


.085 


1.298 17.669 


1.298 




Problem 


1.29 










a ~ 


S M 










b - 


1 S pri M 










P 


Oe/Q /s/ 










SIGU - mP^ 








TAUU = /.3- M 














( kPc’J 




P£S 


Ps 




^ % 


1 6* 




.2 4-^ 0^ 




/I h ^ 














52h Ib^ 






? * .L 1 9- 


6 c 


0*0 o 




Ji. 1^2. 


r. 






64 2’ 


ts.2'11 


1' hi 2 b - ‘to ^ 


(' 1 ^ 
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PROBLEM 1.C6 



8 mm 

i_ 

i: 

r 

8 mm 



Top v1ow 
-200 imu - 180 rniri - i 



l,C6 Member ABC is supported by a pin and bracket at A and by two 
pin-connected to the member at and to a fixed support at !>: (») 
Write a computer program to calculate the allowable load P^w for any given values 
of (!) the diameter d\ of the pin at (2) the common diameter d 2 of the pins at B 
and Z), (3) the ultimate normal stress ay in each of the two links, (4) the ultimate 
shearing stress ry in each of the three pins, (5) the desired overall factor of safety 
F.S. Your program should also indicate w^hich of the following three stresses is 
critical: the normal stress in tlie links, the shearing stress in the pin at A, or the 
*"1 12 mm shearing stresvs in the pins at B and D, {b and c) Check your program by using the 









■f 



data of Probs. 1.55 and 1.56, respectively, and comparing the answers obtained for 
Pail with those given in the text, {d) Use your program to detennine the allowable 
load Paib as well as which of the stresses is critical, when d^^di^XS mm, uy = 
110 MP for aluminum links, ry " 100 MPa for steel pins, and F.S^- 3,2. 




H mm~ 






' 8 ium 






SOLUTION 

OF ABC; 

B r 2: 

^-007^ 



12 mrn ' ^ 

Sidt^ view 




0 : 



= 0 - 



too 

180 






^ BD‘ t( ^ u/F^)(0, 0 2)(0M ) , p = ^ ^ 

M Hes^^aller of F 

C'^ ) £Pf desifct cvcfdtl ES„ L fhe 5^ia//cr ^ 

^ ^ j 5/re£5 fs crlfica) /inks 

ji <B? and/ P,< R , n Critical m pin /] 

h cHtici^l In pioxiB D 

PP /) 6 r ^ 6 ^t outputs 

(^) Prob, 1.53 . mrPi:dp8mm^dp=}2irny^^O;j:^2'jOMPa,?:^= 

Po(ii=r3,7t FN. Stres^C' in pit. R Is crltlcaJ 
^^/>- 1 ■ 5'^ mm: dj 'IOpim, d2~jZynm^Gl^-250M?(Lrj=. lOoMP(f.,KS.cS,o 
3>9/kN‘. ^tfpss in pi'nz 3 and D is critical 
<d) MMj d^=d^~ iSmm^Cj^-hOMPa, T^~mMPa, Rs>= 3,1 
^ 3,7 7 kN , Stress in links /s critical 




Chapter 2 




Problem 2.1 



2.1 Two gage marks are placed exactly 250 mm apart on a 12-min-dlameter 
aluminum rod. Knowing that, with an axial load of 6000 N acting on the rod, the 
distance between the gage mwks is 250.1 8 mm, determine the modulus of elasticity 
of the aluminum used in the red. 



s = 
£ 



AL = 

- 

U ' 



i— ^ ^ o 

0, 

“2 SO imrA 



25*0. 18 “ ■ZSO. OO = 

= 0.0OO7Z 






A 

€■ 

B 



_ p 600 0 

- §1 ^ S3.0S2 xio 

£ ' O.oool'X. 



Problem 2.2 



113-097 h7tu} ** f I 

= s's.osa. V /o*” Tcu 

■ = 73.C83A lo’ 

2.2 A polystyrene rod of length 300 mm and diameter 12 mm is sub- 
jected to a 3-kN tensile load. Knowing that E = 3A GPa, determine (a) the 
elongation of the rod, (h) the normal stress in the rod. 



A - "f 

^ - (JOOO)CO‘3^ 

^ ® ~ AP ” O'S'/y/o-b )(S'/K/o^) 



-0>602$^7h, S- 



d) G*- ~ 



3006 






- Zb-Szs 



Ftx 



zi’£ MPa -S» 



Problem 2.3 



23 A 60-m-!ong steel wire is subjected to 6 kN tensile force. Knowing that E - 
200 GPa and that the length of the rod increases by 48 mm, determine (n) the 
smallest diameter that may be selected for the wire, (b) the corresponding normal 
stress. 



P = Gxlo^ N 



S = X lo"^ AO 
C G X lo'^X^o') 



A 



PL 

ES 



(a) 


A = 








^ r 


£. ^ 


<S X id^ 


w 


A " 


21. S x/cJ 



!(>*») (48 X |o'*) 

V TT ~i TT 

IGOxlO^ ?a 



E - 200 Pa 



- Z1,S yr^^ 



-s 



- €.91 X /t> 




cl “ £-91 yum 
e*e / 60.0 MPa 



Problem. 2.4 

L’ ■?« 

A-- 



2.4 A 9-m length of 6 mm-diameter steel wire is to be used in a hanger. 
It is noted that the wire stretches 11 mm when a tensile force P is applied, 
Kjiowing that E — 200 GPa, determine {a) the magnitude of the force P, 
(b) the coiTesponding normal stress in the wire 



g , ^ -P = y/7) yt^) ^ 



(d) <S^ Be ^ 



A E ^ 

CZOa't^iO^ ) C Oeof ( ) 




Problem 2.5 



2.5 A cast-iron tube is used to support a compressive load. Knowing that E- 69 
GPa and that the maximum allowable change in length is 0.025 %. determine {«) 
the maximum normal stress in the tube, (ft) the minimum wall thickness for a load ■ 
of 7.2 kN if the outside diameter of the lube is 50 mm. 



E" = = GC? V lo** Pa. 



£= ^ , 0.000^5- 

Cai S' r E£ =• (gpyiD‘’Vo.OOo;^") = I7.^5v|0‘p^ 



6" = 17. Z5" 






A 6T 

A - 1^0 

~ jMw 



]7.'SSxlO‘- 

so'- 






t = aC^c-A-') - ■^(So-HV.2>^b'^ 



t - i?. 



Problem 2.6 



2*6 A control rod made of yellow brass must not stretch more than 3 mm when (lie 
tension in the wire is 4 kR Knowing that £* = 105 OPa and that the maximum 
allowable normal stress is 1 80 MPa, determine (a) the smallest diameter that can be 
selected for the rod, (b) the corresponding maximum Icngtli of the rod. 



Cb) S 



(S' 


- P 

A 


A = ^ - 


A 


- T 




S = 


PL 

A f— 


1 _ AES 



4x I o 
\%o X IO‘ 



72. Z^Zy-lo'^' 



S, S2 wi 



«b X j 



ci - vS"»2)? imivi 



L = L75'0 



Problem 2.7 

E IS x/o’’ pft 

S = 2SO,2^ -250.00 



IS! Two gage marks are placed exactly 250 mm apart on a 12-mm- 
diameter aluminum rod with E — 73 GPa and an ultimate strength of 140 MPa. 
Knowing that the distance between the gage marks is 250,28 mm after a load 
is applied, determine {a) the stress in the rod, {b) the factor of safety. 



0.28 



O. Z8 X fO^ ^ 



^ 2-S O 25*^0 ^ lO vvi 

, S r- - (73x/D^)re.?Bv/o~^) _ 

(a.) C> - t£ •== ^ - 2So>ila'^ 

fT «; - ^ /o _ I T I •? 

(h) F.S. - - 1.71^ 



g|,7^ x/o® ?A 



SI. 8 H Pc:L'«®> 



i.712 
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Problem 2.8 



" ^OOy-l Pa. 



2,8 An 80-m-Jong wire of 5-mm diameter is made of a steel with £ - 200 GPa and 
an ultimate tensile strength of 400 MPa, If a factor of safety of 3.2 is desir^, 
detemrine {£i) the largest allowable tension in the wire^ 
elongation of the wire. 



Po~ - L‘400yilO^)([^, &3^x\0'^) - 7gS^ N 






9o 

PS. 



7&5<f 

s.a 



- 24-5’H N 



PLe/ - 2.^5 






c - 9__L ^ Q X IQ~* 

^ AS (\%t35>(O-^)0 00^10^) 



^ ^ O w\vvy 






Problem 2.9 



A - (So)C^o)- 2000 most 0,12% ofits original length. 



2.9 A block of 250'*mm length and 50 x 40 mm cross section is to support a centric 
compressive load P, 3'he material to be used is a bronze for which £ ~ 95 GPa. 
Determine the largest load which can be applied, knowing that the normal stress 
must not exceed 80 MPa and that the decrease in length of the block should be at 






F ~ ?a. 



6o " so MP«5. ?«. 

Cty^si s»4»-«,ss i 

^ P= A<^-= - /6ok/o^ N 

C<3« Si’ i'r)«l ojji (?/e • 



^ f\Ei^) ~ L7^I0''^)C9 Sx10^Ko,OO[^) ^ 222><zo^fJ 



AS 

T*ti^ sivsit//ci^ 'JwJoe. P~ IGO'^lO fvj 



psT 160,0 UU 



Problem 2.10 



L ~ 1.i> hn 

§ ^ I y I o ^ j 

Sjygss » 6” “ ^ 



2.10 A 1,5-m-long aluminum rod must not stretch more than 1 mm and the norma! 
stress must not exceed 40 MPa when the rod is subjected to a 3-kN axial load. 
Knowing that £ ~ 70 GPa, determine the required diameter of tiie rod. 
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Problem 2,11 
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2.11 An aluminum control rod must stretch 2 mm when a 2-kN tensile 
load is applied to it. Knowing that — 154 MPa and E == 70 GPa, 
determine the smallest diameter and shortest length which may be selected for 
'1he"rcid,' 






61ft (Sr^ Mfa 

'^UESsU 

tr 



^ {2 fB7 



Problem 2.12 

C5"’“ 120 x/O* Po 
E * 7o X /o'' Pa, 






A, 



2J2 A square aluminum bar should not stretch more than K4 mm when it is 
subjected to a tensile load. Knowing that iS* ” 70 GPa and that the allowable tensile 
strength is 120 MPa, determine (a) the maximum allowable length of the pipe, (^) 
the required dimensions of the cross*section if the tensile load is 28 kN. 
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2.13 Rod ED is made of steel (E — 200 GPa) and is used to brace the 
axially compressed member A/^C. The maximum force that can be developed 
in member BD is 0.02P. If the stress must not exceed 126 MPa and the max- 
imum change in length of BD must not exceed 0,001 times the length of ABC, 
determine the smallest-diameter rod that can be used for member BD. 
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Problem 2.14 




2-14 The 4«mm-diameter cable BC i$ made of a steel with E ™ 200 GPa. Knowing 
that the maximum stress in the cable must not exceed 190 MPa and that the 

applied as shown. 
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Problem 2.15 
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2.15 A 3-mm-lhick hollow polystyrene cylinder — 3 GPa) and a 
rigid circular plate (only part of which is shown) are used to support a 
250-mm~long steel rod AB (E ~ 200 GPa) of 6 mm diameter. If an 3.2 kN 
load P is applied at B, determine (a) the elongation of rod AB, (p) the detlec- 
lion of point B, (c) the average normal stress in rod AB, 
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Problem 2.16 



36 mm diameter 



24 mm dtametei 



36 mm diameter 



48 irm^ 



2.16 The specimen shown is made from a 24~mnfi-diameter cylindrical 
steel rod with two 36-mm-outer-diameter sleeves bonded to the rod as shown. 
Knowing that 200 GPa, determine («) the load P so that the total 
mation is 0.04 tmn, (b) the corresponding deformation of the central portion 
BC\ 
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Problem 2.17 

|P - 30 kN 

~A 

— — 30 mm 
40 kN 



300 mm 



2J7Tv^o solid cylindrical rods are joined at B and loaded as shown. Rod AB is 
made of steel (E = 200 GPa) and rod BC of brass ^ 105 GPa). Determine (a) 
the total deformation of the composite rod ABC, (b) the deflection of point B, 
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Problem 2.18 

I P = 30 kN 



250 mm 



300 imu 



“30 mm 
40 kN 

-50 mm 



2JS For the composite rod of Prob. 2;17, determine {a) the load P for which the 
total deformation of the rod Is -0,2 mm, {b) the corresponding deflection of point B, 

2J7 Two solid cylindrical rods are joined at B and loaded as shown. Rod ABh 
made of steel {E - 200 GPa) and rod BC of brass {E^ 105 GPa). Determine (a) 
the total deformation of the composite rod ABC^ {b) the deflection of point B, 
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Problem 2.22 




Proprietary Material © 2009 The McGraw-HtU Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 




Problem 2.23 




2.23 Members AB and CD are 3(bmm-diameter steel rods, and meni' 
22-rmti-diameter steel rods. When the turnbackle Is tight- 
ened» the diagonal member AC is put in tension. Knowing that E = 200 GPa, 
deteJTnine the largest allowable tension in AC so that the deformations in mem^ 
bers AB and CD do not exceed 1.0 mm. 
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Problem 2.24 




2.24 For the structure m Prob. 2>23, determine (a) the distance h so that 
the deformations in members AB, BQ CD, and AD equal to i mm, (b) the 
corresponding tension in member ^ 

2.23 Members AB and CD are 30-mm-diameler steel rods, arid mem- 
bers BC and AD are 22-mm-diameter steel rods. When the turnbuckle is tight- 
ened, the diagonal member AC is put in tension. Knowing that E - 200 GPa 
and h - \2m, determine the largest allowable tension in AC so that the de- 
formations in members AB and CD do not exceed i mm. 
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Problem 2.25 



2.25 Each of the four vcrtbal links connecting the two horizontal mernbers is made 
of aluminum (£— 70 GPa) and has a uniform rectangular cross section oflO x 40 
shown, determine the deflection of (a) point ^ (6) point F, 

(c) point G, 
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Problem 2.26 




2.26 Each of the links AB and CD is made of steel (E ™ 200 GFa) and 
has a uniform rectangular cross section of 6 X 24 mm. Detemine the largest 

from point jE if the deflection of £ is not to ex- 
ceed 0.25 mm. 
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Problem 2.27 




2.27 Each of the Jinks and CD is made of aluminum (D - 75 GPa) and has a 
cross-sectional area of 1 25 mm^. Knowing that they support the rigid member BC, 
. determine the deflection of point iK. 
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Problem 2.28 
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0.32 m- 

0.08 m 
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2.28 llie length of the 2“mm*diametcr steel wire CD has been adjusted so that 
with no load applied, a gap of 1 .5 mm exists between the end B of the rigid beam 
Md I cdhtact polhf GPa, determine where a 20-kg 
block should be placed on the beam in order to cause contact between B and E, 
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Problem 2.29 




2.29 A homogeneous cable of length/, and uniform cross section is suspended from 
one end. (a) Denoting by p the density (mass per unit volume) of the cable and by E 
its modulus of clastiGity> determine the elongation of the cable due to its own 
weight, (i) Show that the same elongation would he obtained if the cable were 
horizontal and if a force equal to half of its weight were applied at each end. 
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Problem 2.30 
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Problem 2.31 



231 Denoting by ethe ‘‘engineering strain'’ in a tensile specimen, show that the true 
strain is 6; ~ ln(/ 4 e). 
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Problem 2.32 The volume of a tensile specimen is essentially constant while plastic 

deformation occurs. If the initial diameter of the specimen is show that when the 

diameter is r/, Ihe true strain is e^-2 In(r/j /d). 
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Problem 2.33 



2,33 A 250-mni bar of 15 x 30*mm rectangular cross section consists of two 
aluminum layers, 5 -mm thick, braced to a center braSxS layer of the same 
thiekrte$§. If it is s 

knowing that Ea - 70 GPa and Et - 105 GFa, determine the normal stress (a) in 
the aluminum layers, (h) in the brassiayen 
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Problem 2.34 
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2,34 Determine the deformation of the composite bar of Prob. 2.33 if it is subjected 
to centric forces of magnitude P = 45 kN. 

2,33 A 250-mm bar of 15 x 30-mm rectangular cross section consists of two 
aluminum layers, 5-mm thick, brazed to a center brass layer of the same 
thickness. If it is subjected to centric forces of magnitude P “ 30 kN, and 
knowing that Ea - 70 GPa and 105 GPa, determine the normal stress (a) in 
the aluminum layers, (h) in the brass layer. 

^ Ft?/" j 

(3o'^Cs'l= ^SOvv^w,’-- \so^{d^ 

Y ‘ 5 nim 

^ ^oCl^ €>va e<v.cU 



p Wt g< 4 f CJV 

1 o\-CkJ^ Pou^ C « 



e.A aft 

P - 3 P. + Pu 



Pb- i^P..--^P. = '-s-a 



3.3 R, 



? = -P 

^ <3L y ^ 



S---4k..z£L 

t(s_A 7 (7o>c|o'^Xis-ov|o'‘" 7 



§ n •** O*. SO& Vnbw 









Proprietary Mateml. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior wriUen permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by MoGraw-Hill for their individual course preparation, A student using this manual is using it without permission. 





Proprietary Material © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permiued by McGraw-HiH for their individual course preparation, A student using this manual is using it without permission. 




Problem 2.37 
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2.37 The 1 .5-m concrete post is reinforced with six steel bars, each with a 28-mnt 
diameter. Knowing that Es ^ 200 GPa and Ec ^ 25 GPa, determine the normal 
stresses in the steel and in the concrete when a 1550 kN axial centric force P is 
applied to the post. 
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Problem 2.38 




2*38 For the post of ProK 2 determine the maximum centric force which can be 
applied if the allowable normal stress is 160 MPa in the steel and 18 MPa in the 
concrete* 

2.37 The 1.5-m concrete post is reinforced with six steel bars, each with a 28-mm 
diameter. Knowing that E, - 200 GPa and Ec ^ 25 GPa, determine the norm^ 
stresses in the steel and in the concrete when a 1550 kN axial centric force P is 
applied to the post. 
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Problem 2.40 




2*40 Three wires are used to suspend the plate shown. Aluminum wires 

a diameter of 2 mm. Knowing that the allowable stress for aluminiim (E — 70 
GPa) is 98 MPa and that the allowable stress for steel {E = 200 GPa) is 126 
MPa, determine the maximum load F that can be applied. 
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Problem 2.41 



Dimrnsion.s in jimi 



-mh- H— 120 — 



100 , JOO 
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2 At Two cylindrical rods, one of steel and the other of brass, are joined at C and 
restrained by rigid supports at A and E. For the loading shown and knowing that 
- 200 GPa and Et 105 GPa, determine (a) the reactions at A and E, (b) the 
■"deflectioh'dffkiiht 
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Problem 2.43 



2.43 A steel tube — 200 GPa) with a 30-mm outer diameter and a 
3-mm thickness is placed in a vise that is adjusted so that its jaws just touch 
the ends of the tube without exerting any pressure on them. The two forces . 
shown are then applied to the tube. After these forces are applied, the vise is 
adjusted to decrease the distance between its jaws by 0.2 mm. Determine (a) the 
forces exerted by the vise on the tube at A and D, (h) the change in length of 
the portion BC of the lube. 
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Problem 2.44 



2n44 Solve Prob> 2.43, assuming that after the forces have been applied, 
the vise is adjusted to increase the distance between its jaws by 0.1 mm, 

3 "Him thickness is placed in a vise that is adjusted so that its jaws jUvSt touch 
the ends of the tube without exerting any pressure on them. The two forces 
shown are then applied to the tube. After these forces are applied, the vise is 
adjusted to decrease the distance between its jaws by 0.2 mm. Determine (a) the 
forces exerted by the vise on the tube at A and D, (b) the change in length of 
the portion BC of the tube. 
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Problem 2.45 



2,45 Links BC and DE are both made of steel (E = 200 GPa) and 
are 12 mm wide and 6 mm thick. Determine (a) the force in each link when a 
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Problem 2.47 




2,47 The aluminum shell is fully bonded to the brass core and the assembly is 
unstressed at a temperature of 15 "C- Considering only axial deformations^ 
determine the stress in the aluminum when the temperature reaches 195 
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Problem 2.48 



2*48 Solve Prob. 2.47, assuming that the core is made of steel {E - 200 GPa, a ■■ 
n.7 X 10*^/®C) instead of brass. 




2.4? The aluminum shell is fiilty bonded to the brass core and the assembly is 
unstressed at a temperature of 15 Considering only axial deformations, 
determine the stress in the aluminum when the temperature reaches 195 
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Problem 2,49 
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2.49 A 1,2-fTfi concrete post is reinforced by four steel bars, each of 
18 mm diameter. Knowing that - 200 GPa, a, = 11.7 X 2 nd 

E\. ™ 25 GPa and — 9.9 X 10 'V‘^C , determine the normal stresses 
i riduced in the steel arid in the cdricfete by a teiriperrilufe rise of 27°C 
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Problem 2.50 
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2,50 The brass shell (ab - 20.9 x 1 0'^/"C ) is fully bonded to the steel core (u^ - 1 1 . 7 
X 1 ). Determine (he largest allowable increase in temperature if the stress in 
Jhe.steel.eorejs.notto.exceed.-55.MPa- ..V........ 
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Problem 2.51 



250 min 




2.51 A rod consisting of two cylindrical portioits AB and BC is restrained at both 
ends. Portion A Bis made of steel (E^ - 200 GPa, ™ 11 .7 x I O'^/^C) and portion 
^ 1 05 GP% 5r 20.9 X ! 0‘^/-€). Knowing that the rod is 
initially unstressed, determine the compressive force induced in ABC when there is 
a temperature rise of 50^C. 
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Problem 2.52 



' 60' mm cl};;i)i)e!er 



- 40-min dim eider 




aluminum 



2.52 A rod eonsisting of two cylindrical portions A/? and BC is re- 
strained at both ends* Portion AB is made of brass = 105 GPa, 

a^ “ 23 .9 X iO VX). Knowing that the rod is initially unstressed » deter- 
mine {a) the normal stresses induced in portions AB and BC by a tempera- 
ture rise of 42"C, {b) the corresponding deflection of point B. 
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Problem 2.53 





. — 60 nun dimueter 



- 40 lum cUauieter 
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2.53 Solve Prob. 2.52, assuming that portion AB of the composite rod 
is made of steel and portion BC is made of brass. 

A rod cdrisistihg of two cylindrical portions AB and is re- 
strained at both ends. Portion AB is made of brass (Ef, ^ 105 GPa, 
af, — 20.9 X lO^^/X) and portion BC is made of aluminum {E^ ~ 72 GPa, 
= 23. 9X 10 V°C). Knowing that the rod is initially unstressed, deter- 
mine (a) the normal stresses induced in portions AB and BC by a teinpera- 
ture rise of 42°C, (7?) the corresponding deflection of point B, 
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laid out at a temperature of -l.O^C. Determine the nonnal stress in the rail 
when the temperature reaches 52"'C, assuming that the rails {a) are welded to 
form a continuous track, {h) are 12 m long with 6~mm gaps between them. 
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Problem 2.55 




2.55 1 wo steel bars (Es ™ 200 GPa and ~ 1 1 .7 x 1 0'^/^C) are used to reinforce a 
brass bar {Et ^105 GPa, at - 20.9 x I C^/^C) which is subjected to a load P ™ 25 
When die ste^l bars were fabricated, the distance between the centers of 
holes which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. 
The steel bars were Uien placed in an oven to increase their length so that they 
would just fit on the pins. Following fabrication, the temperature in the steel bars 
dropped back to room temperature. Determine (a) the increase in temperature that 
was required to fit the steel bars on the pins, (h) the stress in the brass bar after the 
load is applied to it. 
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Problem 2.56 
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2,56 Determine the maximum load P that may be applied to the brass bar of Prob, 
2.55 if the allowable stress in the steel bars is 30 MPa and the allowable stress in the 
br^s bar is 25 MPa. 

2.55 Two steel bars (Es ~ 200 GPa and - 1 T7 x 1 0"^/'*C) are used to reinforce a 
brass bar {Eh ^ 105 GPa, a^, ^ 20.9 x 10'^/°C) which is subjected to a load P - 25 
kN. When the steel bars were fabricated, the distance between the centers of the 
holes which were to fit on the pins was made 0.5 mm smaller than the 2 m needed, 
llie steel bars were then placed in an oven to increase their length so that they 
would just fit on the pins. Following fabrication, the temperature in the steel bars 
dropped back to room temperature. Determine (a) the increase in temperature that 
was required to fit the steel bars on the pins, (6) the stress in the brass bar after the 
load is applied to It. 
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Problem 2.57 
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Z57 An brass link (Ef, ~ 105 GPa, air= 20.9 x 10‘^/°C) and a steel rod (£,“ 200 
GPa, Oj “ U.7 X 10"^/°C) have the dimensions shown at a temperature of20''C. 
The steel rod is cooled until it fits freely The temperature of the 

whole assembly is then raised to 45 Determine (a) the final stress in the steel 
rod, (h) the final length of the steel rod. 
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Probiem 2.58 




Brnn?:o Ahiniinnm 

A - 1500 171 A - 1800 nim^ 

E - 105 GPa E - 73 GPa 

a - 21.6 X 10 Vc « ^ 23.2 X JO Vc 



p 

— »►£ 




2.58 Knowing tiial a 0,5Anm gap exists when the temperature is 24^C, 
determine (d) the temperature at which the nonnal stress in the aluminum bai' will 
be eqhhi to the coriespohding exact length of the alumiminV bar, 
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Problem 2.59 
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E ^ 105 c;pu E -■= 73 CVa 

a - 21.6 X 10' VC a = 23.2 X .1.0 VC 



2,59 Determine (a) the compressive force in ihe bars shown after a tem- 
perature rise of 82"^Cv (h) the corresponding change in length of the bronze bar. 
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Problem 2.60 
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Alumimim S’tainlo.ss steel 

A 20(K) mni^ A - 800 in nr 

E - 75 C;Pa E = 190 GFa 

ft 23 X I0"^V^C ft ^ 17.3 X 10' ye 



2.60 At room temperature (20 ®C) a O^S-mm gap exists between the ends of the rods 
shown. At a later time when the temperature has reached 1 40 determine (a) the 

normal stress in the aluminum rod, (^) the change in length of the aluminum rod. 
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Problem 2.61 



2,61 !n a standard tensile lest, an aluminum rod of 20-mm diameter is subjected to 
a tension force of - 30 kN, Knowing that v ™ 0.35 and E ™ 70 GPa, determine 
(a) the elongation of the rod in an 1 50Tinm gage length, (^) the cliMge in diarneter 
of the rod. 
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Problem 2.62 



2.62 A 20-mm 'diameter rod made of an experimental plastic is subjected to a 
tensile force of magnitude P ^ 6 kN. Knowing that an elongation of 14 mm and a 
decrease in diameter of 0.85 mm are observed in a 1 50-mm length, determine the 
modulus of elasticity, the modulus of rigidity and Poisson’s ratio for the material. 
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Problem 2.63 
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2,63 A 2,75 kN tensile load is applied to a test coupon made from L6-mm flat steel 
plate (E - 200 GPa, v- 0.30), Determine the resulting change (a) in the 50*mm gage 
Jength, (6) in the vwdth of portion of test coupon, (c) in the thickness of 
portion AB, (d) in the cross-sectional area of portion AB, 






50 



- 



E ~ 7.00 X 10"^ 



- lIQ.ISx/o- 



- "(0.3o)('7/6, 15x/o'‘) = - .2/^-8 fx /O' 



L- o.os/y^^ §y-^Lf^^(c>,o5'o)(ii^.fs>‘/o'^)- ss.si^f'd' 



0 . 0 ss ^ ^ 



(U W= O.oi2w, Sj~ 4 .8^ x^2XT7«'<'/o"* trto 



-O^OO'ZSS 



(.d\ ± ~ 0.00 i(. 



5 ^.- tBt - (O.OOIC,)(-7I9.3H ~-3H27ylo' 



0.0003937 wfh 



y) A - wj 1 4 £y') / -f K>^p 0+ £y 4 ^ ) Ao = ^oto 

A A ~ A “ A.J. - IVoto (fy 4 ^2^ ^ 

- {^)(o.oix.Xo.ooic)(-Zi9.29^(o‘' ) " •~S.7Jy/o~’' r- - O. 0 0^75' »«»/ 



Proprietary Material, O 2009 The McGravv-IJili Companies, Inc. AM rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 



Probem2.64 2.64 A 2-m length of an aluminum of 240-mm outer diameter and 1 0-mm wall 

tWckiaess is^ u short a centric axi^ load of ^6 



filO kN 




Knowing that - 73 GPa and v~ 0.33, determine (a) the change in length of the 
pipe, (b) the change in its outer diameter, (c) the change in its wall thickness. 
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Problem 2.68 



2.68 For the rod of Prob. 2.67, determine the forces that should be ap- 
plied to the ends A and D of the rod («) if the axial strain in portion BC of the 
rod is t5 remain zero as hydrostatic pressure is applied, (/?) if the total length 
AD of the rod is to remain unchanged. 

2.67 The aluminum rod AD is fitted with a jacket that is used to apply 
a hydrostatic pressure of 42 MPa to the 300-mm portion BC of the rod. Know- 
ing that E = 70 GPa and p ™ 0.36, determine (a) the change In the total length 
AD, (b) the change in diameter at the middle of the rod. 
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Problom 2 70 block shown is made of a magnesium alloy for which E ™ 45 GPa and v 

- 0.35. Knowing that - -180 MPa, determine (a) the magnitude of cfy for 
the change in the height of the block wil 1 be zero, (/^ the corresponding 
change in the area of the face ABCD^ (c) the corresponding change in the volume 
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Problem 2.72 
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2.72 For a member under axial loading, express the nonnal strain f- 'in a direction 
forming an angle of 45° with the axis of the load in terms of the axial strain Cx by 
(a) comparing the hypothenuses of the triangles shown in Fig* 2*54, which 
represent respectively an elernent before and after deformation, {b) using the 
values of the corresponding stresses o' and Ox shown in Fig. 1*40, and the 
generalized Hooke's law. 
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Problem 2.75 
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2.75 The plastic block shown is bonded to a fixed base and to a hori- 
zontal rigid plate to which a force P is applied. Knowing that for the plastic 
irsed G = 385 MPa, detenniiie the deflection of the plate when P = 36 kN. 
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Problem 2.76 
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2.76 A vibration isolation unit consists of two blocks of hard rubber 
bonded to plate AB and to ngid supports as shown. For the type and grade of 
rubber used — 1.54 MPa and G — 12.6 MPa. Knowing that a centric 
vertical force of magnitude P - 13 kN must cause a 2.5-mm vertical deflec- 
tion of the plate AB, determine the smallest allowable dimensions a and h of 
the block. 
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Problem 2.77 



IJl The plastic block shown is bonded to a rigid support and to a vertical plate to 
which a 240'kN toad T Is applied. Knowing that for the plastic used O - 1050 
M Pa, determine the deflection of the plate. 
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Problem 2.78 




Dimensions in rmn 



2*78 What load V should be applied to the plate of Prob. 2.77 to produce a 1.5- 
mm deflection? 

2.77 The plastic block shown is bonded to a rigid support and to a vertical plate to 
which a 240-kN load P is applied. Knowing that for the plastic used G - 1050 
MPa, determine the deflection of the plate. 
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Problem 2.79 



2.79 Two blocks of rubber with a modulus of rigidity G - 12 MPa 
are bonded to rigid supports and to a plate ri/?. Knowing that c = 100 mm 
and P ~ 40 kN, determine the smallest allowable dimensions r/ and b of the 
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Problem 2,80 




2.80 Two blocks of rubber with a modulus of rigidity G ™ 10 MPa 
are bonded to rigid supports and to a plate A/T Knowing that b — 200 mm 
and c “ 125 mm» determine the largest allowable load P and the smallest ah 
lowable thickness a of the blocks if the shearing stress in the rubber is not to 
exceed 1.5 MPa and the deflection of the plate is to be at least 6 mm. 
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Problem 2.81 
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Problem 2.82 
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2,81 An elastomeric bearing (O ^ 0,9 MPa) is used to support a bridge girder as 
shown to provide flexibility during earthquakes, llie beam must not displace 
more than 10 mm when a 22-kN lateral load is appUed as shown. Knowing that 
the maximum allowable shearing stress is 420 kPa^ determine (a) the smallest 
allowable dimension h, (h) the smallest required thickness a. 
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2.82 For the elastomeric bearing in Prob. 2.81 with b - 220 mm and « ^ 30 mm, 
determine the shearing modulus 6? and the shear stress r for a maximum lateral 
load P - 19 kN and a maximum displacement S- 12 mm. 
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Problein 2-83 



*2.83 A l50-mm diameter solid steel sphere is lowered into the ocean 
to a point where the pressure is 50 MPa (about 5 km below the surface). Know- 
ing that E “ 200 GPa and v = 0,30, determine {a) the decrease in diameter of 
the sphere, (h) the decrease in volume of the sphere, (c) the percent increase 
in the density of the sphere, 
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Problem 2.84 
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*2.84 (a) For the axial loading shown, determine the change in height and the 
change in volume of the brass cylinder shown, (b) Solve part a, assuming that the 
loading is hydrostatic with <Tx ^ ^ ' 70 MPa, 
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Problem 2.86 



*2.86 Determine the change In volume of the 50-mm gage length segment AB in^ 
Prob. 2.63 (a) by computing dilatation of the material, (6) J>y subtracting the 
original volume of portion AB from its final volume. 
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2.63 A 2.75 kN tensile load is applied to a test coupon made from 1 .6*mm flat steel 
plate (£ - 200 OPa, 0.30), Determine the resulting change (a) in the 50-mm gage 

length, (6) In the width of portion AB of the test coupon, (c) in the thickness of 
portion AB, (</) in the cross-sectional area of portion AB. 
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Problem 2.87 



A vibration isolation support oonsists of a rod A of radius Ri \ 0 mm and 

a tube B of inner radius R 2 “ 25 inm bonded to an 80-nnm-long hollow rubber 
cylinder with a modulus of rigidity G - 1 2 MPa, Determine the largest allowable 
force P which can be applied to rod if its deflection is not to exceed 2.50 mm. 
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Problem 2.88 









*2.88 A vibration isolation support consists of a rod A of radius Ri and a tube B 
of inner radius R 2 bonded to a SO^mm-long hollow rubber cylinder with a 
modiiluS of rigidity (7 Determine the required value of the ratio 

Rt/R] if a iO~kN force P is to cause a 2-mm deflection of rod /I. 
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Problem 2.89 



- 50 (^Pa V,., = 0.254 
E,,- 15,2 GPa 0.254 

l'„ == 15.2 C;Pa v^,j - 0.428 



*2.89 A composite cube with 40-mm sides and the properties shown is made with 
glass polymer fibers aligned in the x direction. The cube is constrained against 
deformations in the y and z directions and is subjected to a tensile load of 65 kN 
in The X direction. Determine (a) the change in the length of the cube in the v 
direction, {b) the stresses <7y, ai>d 
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Problem 2.91 



*2.91 The material constants £ G, k and v are related by (233) and (2,43). 
Show that any one of these constants may be expressed in terms of any other two 
constants. For example, show that (a) k GE/(9G - 3E) and (h) v - (3k - 2G)i(6k 





+ 2G). 








^ ~ZO + -iJ') 






COj) 1 f 01 ^ 


V = ^ - 1 






k 


2£G 


ZE& 






\~ g^ZG- 2£ ^ HG 


18 © “ G £■ 




es 

















AN Jl ^ 

G- 

3k ~ Gk-^ = ZG 



3l<> 2.G- = 2 & 

-2J =• 

Gk +- 2&- 



Problom 2.92 * 2.92 show that for any given material, the ratio G/E of the modulus of rigidity 

1 1 

over the modulus of elasticity is always less than - but more than [Hint: Refer 
to Eq, (2.43) and to Sec, 2.13,] 
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Problem 2.93 



2.93 Knowing that P = 40 kN, delermine the maximum stress when 
(a) r - 12 (h) r - 15 mm. 
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Problem 2.94 



2.94 Knowing that, for the plate shown, the allowable stress is 1 10 MPa, 
determine the maximum allowable value of P when (a) r - 10 mm, (h) r — 
18 mm. 
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Problem 2.95 



2.95 For P - 35 kN» determine the minimum plate thickness / required 
if the allowable stress Ls 125 MPa. 






Af He Uo9c- 5^5 -2-4- ^ 51 

<Ta 

S, ' 1? = 

<:r - KJB - KR • t - 

A.J- • ^ AK., 



M He ^JM X>- cle ^ ^ ^ S /.37^ 

r^- -f s (ot'vi^ ^ r o. xs” 



k = 1.70 



^ . i<£ _ k£ 

A...V, ctet 



t. Jig- ^ ^ O.OM^ 

2^Xi o y 

Xlif \/A/Pu>e > fS ."H^ t'etfuw^af w^^'v^^ rrw»*^ piL'te 4'K«‘tVn<**v 

20 



Problem 2.96 
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2.96 Knowing that the hole has a diameter of 10 mm, determine (a) the 
radius Kj of the fillets for which the same maximum stress occurs at the hole 
A and at the fillets, {b) the corresponding maximum allowable load P if the 
allowable stress is 105 MPa. 
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Problem 2.97 



2.97 A hole is to be drilled in the plate at A. llie diameters of the bits available 
to drill the hole range from 12 to 24 mm in 3 -mm increments, (a) Determine the 
diameter d of the largest bit that can be used if the allowable load at the hole is to 
exceed that at the fillets. (6) If the allo^vable stress in the plate is 145 MPa, what 
is the corresponding allowable load P? 
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Problem 2,99 



150 

{ 



J^in!£‘nsj«tis in mm 



2*99 7’he aiuminum test specimen shown is subjected to two equal and opposite 
centric axial forces of magnitude P. (a) Knowing that E- 70 GPa and ^ 200 
MPa, determine the maximum allowable value of P and the corresponding total 
elongation of the specimen, {b) Solve part a, assuming that the specimen has 
been replaced by an aluminum bar of the same length and a uniform 60 x l5-nini 
rectangular cross section. 
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Problem 2.100 



2J0O For the test specimen of Prob. 2.99, determine the maximum value of the 
normal stress corresponding to a total elongation of 0.75 mm. 




2.99 rhe aluminum test specimen shown is subjected to two equal and opposite 
centric axial forces of magnitude P. (n) Knowing that " 70 GPa and ffai ~ 200 
MPa, determine the maximum allowable value of P and the corresponding total 
elongation of the specimen. (^) Solve part a, assuming that the specimen has 
been replaced by an aluminum bar of the same length and a uniform 60 x 15-mm 
rectangular cross section. 
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Problem 2.101 




2.1 01 Rod AB is made of a mild steel that is assumed to be elastoplastic with E ~ 
200 GPa and ay = 345 MPa. After the rod has been attached to the rigid lever CD, 
it is found foat end C is 6 mm too hi^, A vertical force Q is then applied at C until 
this point has moved to position C C Determine the required magnitude of Q and the 
deflection 4 if the lever is to smp back to a horizontal position after Q is removed. 



^ ^ tp S. C 65 • 6 f ^ ^ /O ^ ^ 
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Problem 2.102 




2. 102 Solve Prob. 2. 1 0 1 , assuming that the yield point of the mild steel is 250 MPa. 

2.101 Rod AB is made of a mild steel that is assumed to be elastoplastic with E - 
200 GPa and Oy ™ 345 MPa. After the rod has been attached to the rigid lever CD, 
if is found that end C is 6 mm too high. A vertical force Q is then applied at C until 
this point has moved to position C Determine the required magnitude of Q and the 
deftection if the lever is to snap back to a horizontal position after Q is removed. 
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Problem 2.103 






2.103 The 30-mm square bar AB has a length L ™ 2.2 m; it is made of a mild steel 
that is assumed to be elastoplastic with E - 200 GPa and cry ~ 345 MPa. A force 
P is applied to the bar until end ^ has moved down by an amount Determine 
the maximum value of the force P and the permanent set of the bar after the force 
has been removed, knowing that {a) 4.5 mm, {h) ^ tnm. 
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Problem 2.104 




2J04 The 30-mm square bar AB has a length - 2.5 m; it is made of mild steel 
that is assumed to be elastoplastic with E - 200 GPa and rry - 345 MPa. A force 
^P is applied to the bar and then removed to give it a permanent .set Sp. 
Determine the maximum value of the force P and the maximum amount by 
which the bar should be stretched if the desired value of Sp is (ri) 3.5 mm, (h) 6.5 
mm. 
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Problem 2.1 05 
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2.105 Rod ABC consists of two cylindrical portions AB and BC\ it is made of a 
mild steel that is assumed to be elastoplastic with E - 200 GPa and ™ 250 MPa. 
A force P is applied to the rod and then removed to give it a permanent set Sp ^ 2 
mm» Deterthihe the rnakirhnm 6f tlie force P and the maximum amoimt 
by which the rod should be stretched to give it the desired pennanent set. 
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Problem 2.1 06 



1.3 m 




0.8 m 



2.106 Rod ABC consists of two cylindrical portions AB and BC; it is made of a 
mild steel that is assumed to be elastoplastic with E - 200 GPa and < 7 ^= 750 MPa, 
A force P is applied to the rod until its end A has moved down by an amount - 
5 mm. Detcnnine the maximum value of the force P and the permanent set of the 
rod alter the force has been removed, 
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Problem 2.107 



1 90 Him 



190 min 




2J07 Rod AB consists of two cylindricaJ portions AC and BC^ each with a 
cross-sectional area of 1750 mm^. Portion AC h made of a mild steel with E - 
200 GPa <ry = 250 MPa, and portion is made of a high-strength steel with 
E = 200 GPa and <ry = 345 MPa. A load P is applied at C as shown« Assuming 
both steels to be elastoplastic, determine {a) the maximum dejflection of C if P is 
gradually increased from zero to 975 kN and then reduced back to zero, (6) tlie 
maximum stress in each portion of the rod, (c) the permanent deflection of C. 
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Problem 2.108 




2.108 For the composite rod of Prob, 2.107» if P is gradually increased from zero 
until the deflection of point C reaches a maximum value of ~ 0.03 mm and 
then decreased back to zero, determine, (a) the maximum value of 7\ (^) the 
maximum stress in each portion of the rod, (c) the permanent deflection of C after 
the toad is removed. 

2.107 Rod AB consists of two cylindrical portions AC and BC, each with a 
cross-sectional area of 1750 mm^. Portion AC is made of a mild steel witli E - 
200 GPa and “ 250 MPa, and portion CB is made of a high-strength steel with 
E “ 200 GPa and - 345 MPa. A load P is applied at C as shown. Assuming 
both steels to be elastoplastic, determine {a) tlie maximum deflection of C if P is 
gradually increased from zero to 975 kN and then reduced back to zero, {b) the 
maximum stress in each portion of the rod, (c) the permanent deflection of C. 
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Problem 2,110 




2J10 Solve Frob. 2.109, assuming that the cables are replaced by rods of the 
same cross-sectional area and material. I'urlher assume that the rods are braced 
so that they can carry compressive forces. 

2J09 Each cable has a cross-sectional area of 100 mm^ and is made of an 
elastoplastic material for which ay ™ 345 MPa and E ™ 200 GPa. A force Q is 
applied at C to the rigid bar ABC and is gradually increased from 0 to 50 kN and 
then reduced to zero. Knowing that the cables were initially taut, determine (a) 
the maximum stress that occurs in cable Bl\ (h) the maximum deflection of point 
C, (c) the final displacement of point C {Hint: In part c, cable CE is not taut.) 
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Problem 2.111 






2A 1 1 Two tempered-stee! bars, each 4.76 mm thick, are bonded to a 
l2.5-mm mild-stee! bar. This composite bar is subjected as shown to a cen- 
tric axial load of magnitude T, Both steels are elastoplaStiC with S' ^ 200 
GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 
for the tempered and mild steel. The load P is gradually increased from zero 
until the deformation of the bar reaches a maximum value ™ 1,016 mm 
and then decreased back to zero. Determine (a) the maximum value of P, (h) 
the maximum stress in the tempered-steel bars, (c) the permanent set after 
the load is removed. 
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Problem 2.1 1 2 




2. 11 2 For the composite bar of Prob, 2. 1 1 1 Jf P is gradually increased 
from zero to 436 kN and then decreased back to zero, determine (a) the max- 
imum deformation of the bar, (b) the maximum stress in the tempered-steeJ 
bars, (c) the permanent set after the load is removed. 

2,111 Two tempered-steei bars, each 4,76 mm thick, are bonded to a 
1 2. 5 -mm mild-steel bar. This composite bar is subjected as shown to a cen- 
tric axial load of magnitude P, Both steels are elastopJastic with i? ™ 200 
GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 
for the tempered and mild steel. The load P is gradually increased from zero 
until the deformation of the bar reaches a maximum value - 1.0 1 6 mm 
and then decrea>sed back to zero. Determine (a) the maximum value of P, (h) 
the maximum stress in the tempered-steel bars, (c) the permanent .set after 
the load is removed, 
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Probtem 2.113 2.113 The rigid hm ABC is supported by two links, AD and BE^ of uniform 37.5 x 

6*mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastte GPa aiid (Ty^2SQ MPa. lire magnitude of the force 

Q applied at B is gradually increased from zero to 260 kN. Knowing that a ” 
0.640 m, determine (^) the value of the normal strevSS in each link, (b) the 
maximum deflection of point B, 



< 2.64 m » 
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Problem 2.114 



2*114 Solve Prob. 2. 11 3, knowing that a - 1.76 m and that the magnitude of the 
force Q applied at B k gradually increased from xero to 1 35 kN. 

2*1 13 The rigid bar ABC is supported by two links, AD and BE, of uniform 37.5 x 
6-mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastic with E = 200 GPa and oy - 250 MPa. The magnitude of the force 
Q applied at B is gradually increased from zero to 260 kN. Knowing that a ^ 
0.640 m, determine (a) the value of the normal stress in each link, (h) the 
maximum defi ection of poi nt 
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*2*115 Solve ProK 2,\IX assuming that the magnitude of the force Q applied at 
B is gradually increased from zero to 260 kN and then decreased back to zero. 
Knowing that a = 0.640 m, determine (a) the residual stress in each link, (^) the 
final deflection of point B. Assume that the links are braced so that they can 
carry compressive forces without buckling, 

2,113 The rigid bar ABC is supported by two links, AD and BEy of uniform 37.5 x 
6-mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastic with K - 200 GPa and err = 250 MPa* TTie magnitude of the force 
Q applied at B is gradually increased from zero to 260 kN. Knosving that a - 
0.640 m, determine (a) the value of the nomiai stress in each link, (6) the 
maximum deflection of point B. 
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2.116 A uniform steel rod of cross-sectional area A is attached to rigid 
supports and is unstressed at a temperature of 7°C. The steel is assumed 
to be elastoplaslic with ay == 250 MPa and E = 200GPa. Knowing that 
a “ 11.7 X determine the stress in the bar (ii) when the temper- 

ature ivS raised to 160°C, {b) after the temperature has returned to 7X. 
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Problem 2.117 



A •-= 5(K) 3,)o „„„2 
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2.117 The ste^{ md ABC is attached to rigid supports and is unstressed at a 
temperature of 25"’C. The steel is assumed elastoplastic, with E - 200 GPa and 
(T}' 250 MPa. The tiemperature of both portions of the rod is then raised to 1 50 

Knowing that a ~ 1 1.7 x determine (a) the stress in both portions 

of the rod, (b) the deflection of point C. 
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150 nun ->-U 250 mm 



^,118 Solve Prob, 2J17, assummg that the temperature of the rod is raised to 
150 and then returned to 25 ‘'C. 

2,117 The steel rod ABC is attached to rigid supports and is unstressed at a 
temperature of 25 The steel is assumed elastoplastic, with E - 200 GPa and 
cry - 250 MPa. The temperature of both portions of the rod is then raised to 1 50 
Knowing that a - 1 1,7 x I0^/"'C, determine (a) the stress in both portions 
of the rod, (h) the deflection of point C 
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Problem 2.119 



*2,! 19 Bar AB has a cross-sectional area of 1200 mm^ and is made of a steel that 
is assumed to be elastoplastic with E ^ 200 GPa and ay ^ 250 MPa. Knowing 
that the force F increases from 0 to 520 kN and then decreases to zero, determine 
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Problem 2.120 



*2.120 Solve Prob. 2.U 9, assuming that a = 1 80 mm. 




*2.1 19 Bar AB has a cross-sectional area of 1200 mm^ and is made of a steel that 
is assumed to be elastoplastic with E - 200 GPa and try ^ 250 MPa. Knowing 
that the force F increases from 0 to 520 kN and then decreases to zero, determine 
(^) the permanent deflection of point C, (^) the residual stress in the bar. 
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Problem 2.121 
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*2. 121 For the composite bar of Prob. 2 J 1 U determine the re.sidual 
stresses in the tempered-steel bars if P is gradually increased from zero to 436 
kN and then decreased back to zero* 

2.111 Two tempered-steel bars, each 4.76 mm thick, are bonded to a 
i2.5“mm mild-steel ban This composite bar is subjected as shown to a cen- 
tric axial load of magnitude P. Both steels are elastoplastic with E ^ 200 
GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 
for the tempered and mild steel. The load P is gradually increased from zero 
until the deformation of the bar reaches a maximum value — T0I6 mm 
and then decreased back to zero. Determine (a) the maximum value of P, (b) 
the maximum stress in the tempered-steel bars, (c) the permanent set after 
the load is removed. 
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Problem 2,122 



MSP 



*2.122 For the composite bar in Prob. 2JH, determine the residual 
sti'esses in the tempered-steei bars if P is gradually increased from zero until 
the deformation of the bar reaches a maximum value — 10 mm and is then 
decreased back to zero, 

2.111 Two tempered"Steel bars» each 4.76 mm thick, are bonded to a 
12. 5 -mm mild-steel bar. This composite bar is subjected as shown to a cen- 
tric axial load of magnitude P. Both steels arc elastoplastic with E “ 200 
GPa and with yield strengths equal to 690 MPa and 345 MPa, respectively, 
for the tempered and mild steel. The load P is gradually increased from zero 
until the deformation of the bar reaches a maximum value - 1.016 mm 
and then decreased back to zero. Determine (a) the maximum value of P, {b) 
the maximum stress in the tempered-s teel bars, (c) the permanent set after 
the load is removed. 
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Problem 2,1 23 




*2,123 A narrow bar of aluminum is bonded to the side of a thick steel 
plate as shown. Initially^ at = 2 1 all stresses are zero. Knowing that the 
temperature will be slowiy raised to 7*2 and then reduced to Tj* determine (a) the 
highest temperature T 2 that does not result in residual stresses, (h) the temper» 
atiire Tj that will result in a residual stress in the aluminum equal to 400 MPa. 
Assume — 23 X 10 for the aluminum and — 11,7 X 10"V°C for 
the steel. Further assume that the aluminum is elastoplastic, with E— 15 GPa and 
Cy ^ 400 MPa. {Hint: Neglect the small stresses in the plate.) 
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Problem 2.1 24 



2.124 The aluminum rod ABC {E ^ 70 GPa), which consists of iwo 
cylindrical portions AB and BC, is to be replaced with a cylindrical steel rod 
DE (E — 200 GFa) of the same overall length. Determine the minimum re- 
quired diameter d of the steel rod if its vertical deformation is not to exceed 
the deformation of the aluminum rod under the same load and if the allowable 
stress in the steel rod is not to exceed 165 MPa. 
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Problem 2.127 
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2,127 Link BD is made of brass {E— 1 05 GPa) and has a cross-sectional 
area of 250 mmL Link CE is made of aluminum [E - 72 GPa) and has a cross- 
secuonai area of 450 mrn^. Determine the max i mum force P that can be 
applied vertically at point A if the dellection of A is not to exceed 0.35 mm. 
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Problem 2.128 




2J2S A 250-mm‘!ong aluminum tube {E - 70 GPa) of 36*nini outer diameter and 
28-min inner diameter may be closed at both ends by means of single-threaded 
screw-on covers of 1 .5-mm pitch. With one cover screwed on tight, a solid brass 
rod {E - 105 GPa) of 25'mm diameter is placed inside the tube and the second 
cover is screwed on. Since the rod is slightly longer than the tube. It is observed 
that the cover must be forced against the rod by rotating it one-quarter of a turn 
before it can be lightly closed. Determine (o) the average normal stress in the 
tube and in the rod, {h) the deformations of the tube and of the rod. 
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Problem 2.129 







Problem 2.130 
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2.130 The rigid bar AD is supported by two steel wires of L5 mm 
diameter (E “ 200 GPa) and a pin and bracket at D. Knowing that the wires 
were Imt tally taut; determine {a) the additional tension in each wire when a 
900 N load P is applied at D, {b) the corresponding deflection of point D. 
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Problem 2.131 




2J3I The concrete post (Ec “ 25 GPa and - 9.9 x 10’*/°C) is reinforced with six 
steel bars, each of 22-mm diameter - 200 GPa and Us'^ 11.7 x 
Determine the normal stresses induced in the steel and in the concrete by a 
temperature rise of 35 *^C, 
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Ac - Zfo’'- As ~ XHo^~ l.tZoSx[d^ - 

= SS.'^X xlo'^ 

Tc ~ fev'Sti^e "fiv'ce de\J<iILi)eJ' iv^ •+'ke 
OO»^j(0ress/ i/e Fo/'c« "fke S<V S’\s£.^ <icfOcJ% 'Pc. 



S+rac-r>^.‘ Q T ^ c/^(AT) 3 ec^ A +0^c(AT') 

tcA<^ 
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(ecAc ^ ^ ^ 

[(25"><tO'’ XsS,'S,;^>ffO~^ ) ^ ( :?00 X I D'Oe^?. 2S<58 p^/D-^) ] ^ “ 0.88/0 ‘ Xar') 

Pc 2/.6/xio^ N 

< 5 -^ = ^ ^ “ 0-39/ 8/0^ P<it ^ 0.391 H Pa -«i 






_ _BFMvjo^ . 

Ac ' x/£>"^ 



1.97 x/o^ Pa 



-9.97 MPa 
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Problem 2.132 





2.132 A vibration isolation unit consists of two blocks of hard rubber with 
a modulus of rigidity G = 19 MPa bonded to a plate AB and to rigid supports 
as shown. Denoting by P tile magnitude of the force applied to the plate and 
by 5 the corresponding deflection, determine the effective spring constant, 
k — P/d, of the system. 







s4iress Ip - 
Force - /\'t = 

■p — ^ 
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“TT" 
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Vi 
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■ " § Vt 

OejVce* ~ MPo. 

2. 

A - ( 0*JS)(o> l) s; a^o tS 
h ~ 3o 

fftO’h * 



Problem 2,133 

15 nun 




2.133 Knowing that <r^\ =120 MPa, determine the maximum allowable value of the 
centric axial load P. 
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Problem 2.134 




2JS4 Rod AB consists of two cylindrical portions AC and BC^ each with a 
cross-sectional area of 2950 Portion /tC is made of a mild steel with E ™ 

200 GPa and ay ^ 250 MPa, and portion Ci? is made of a high-strength steel with 
E “ 200 GPa and ay - 345 MPa. A load P is applied at C as shown. Assuming 
both steels to be elasloplastic, determine (a) the maximum deflection of C if P is 
gradually increased from zero to 1 625 kN ^md then reduced back to zero, {h) the 
permanent deflection of C 



D ocf* C c.Aij$e of 
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Problem 2.135 



2.135 The uniform rod BC has a cross-sectional area A and is made of a mild steel 
which can be assumed to be elastoplastic with a modulus of elasticity E and a 
yield strength Using the block^and-spring system showm, it is desired to 
simulate the deflection of end C of the rod as the axial force F is gradually applied 
and removed, that is, the deflection of points C and C " should be the same for all 
values of P, Denoting by ft the coefficient of friction between the block and the 
horizontal surface, derive an expression for (a) the required mass m of the block, 
(/>) the required constant k of the spring. 
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PROBLEM 2.CI 



^ Bilcmeut n 






2X1 A rod consisting of n elements, each of which is homogeneous and of 
tmiform cross section, is subjectol to the loading shown, TTie length of element 
Element 1 denoted by Li, its cross-sectional area by Ai, modulus of elasticity by JEi, and 

/ the load applied to its right end by P/, the magnitude P/ of this load l^ing 

F, assumed to be positive if P/ is directed to the right and negative otherwise, (a) 

Write a computer program that can be used to determine the average normal 
stress in each element, the deformation of each element, and the total 
deformation of the rod. (b) Use this program to solve Probs. 2,20 and 2, 1 26, 



SOLUTION 



FOR EACf) FLBMELJt^ bitter 
^ I ) ^ i 

COMPUTE DEFORMAl lOf^ 

UPPAja /}XML LOAb P = P + Pi; 
COflPUTa FOR EACH ELtEiENT 
(Ti - P/A, 

= PLi/piEl 

TOTAL DEFORMATION: 

UPPATE THROUGH n tlEnF-NTS 
S ~ 6^ F f I 

PK06HAT1 OUTPUT 



Problem 2,20 

Element Stress (MPa) Deformation (mm) 



1 19.0986 

2 -12,7324 
Total Deformation 



.1091 
-.0909 
.0182 mm 



Problem 2.126 

Element Stress (MPa) Deformation (mm) 



1 90.6775 

2 -19.9095 
Total Deformation - 



0.4534 
0.1422 
0 .3112 
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PROBLEM 2.C2 




2.C2 Rod AB is horizontal with both ends fixed; it consists of n dements, each 
of which is homogeneous and of uniform cross section, and is subjected to the 
loading shbvrit. The length of demerit / is denoted by X/, its cross-'Sectibnal area 
by Af^ its modulus of elasticity by and the load applied to its right end by 

P„ the magnitude A of this load being assumed to be positive if P# is directed to 
the right and negative otherwise, (Note that Pf ^ 0.) (a) Write a computer 
program which can be used to determine the reactions at A and R, the average 
normal stress in each element, and the deformation of each element, (6) Use 
this program to solve Probs, 2,41 and 2.42, 

SOLUTION 

CGNSIDBR THP ReAC r/DAJ at B REOUf^P/\fy/r 
ANO RELtDSE THE ROD AT 5 

COMPyjB WITH Rq ^ 0 

foR PACH ENTBR 

i- '{ ) 

UPDAIB fiyiAL LOfiV 
p ^ PtPi 

COr^PUlE FOR EACH ELBMFfJT 
qr-. ^ ?/ A I 

f. r PLi/AiB, 

{JPbATF TOT/) L OEFORMATIOK’ 

<T, = ^6 - f; 

COMPRTB ffi DUE TO UNIT LCAO AT B 

(jA/ir cr^- = l/ Ac 

fJfJiT = L^jAiPi 
uPOKjE rorfiL UNIT de formation 
UNIT fg - UNIT Tg F unit 

superposition/ 

FOR TOTAL displacement AT B ^ EEPq 

t /Tg UNIT c: 0 

^OLVING^ 

Ps= - 
TH bn: 

Pi 



CONTINUED 




PROBLEM 2.C2 CONTINUED 



FOR B/\ai ^ LB MB NT 

(T = CT- t Rg UNIT (T^- 

- S~i +• oNij f; 

PROCiRRM OUTPUT 



Problem 2.41 

RA -= -62.809 kN 

RB - -37.191 kN 

Element Stress (MPa) Deformation (mm) 

1 -52.615 -.05011 

2 3.974 .00378 

3 2.235 .00134 

4 49.982 .04498 



Problem 2.42 

RA -45.479 kN 

RB - -54.521 kN 

Element Stress (MPa) Deformation (mm) 



1 -77,131 -.03857 

2 -20.542 -,01027 

3 -11,555 01321 

4 36,191 .06204 
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PROBLEM 2X3 




2.C3 Rod AB consists of n elements, each of which is homogeneous and of 
uniform cross section. Hnd A is fixed, while initially there is a gap 6o between 
end ^ and the fixed vertical surface on the right. The length of element / is 
denoted by Liy its cross-sectional area by Ajy its modulus of elasticity by £/, and 
its coefficient of thermal expansion by Uj. After the temperature of the rod has 
been increased by ATy the gap at B is closed and the vertical surfaces exert 
equal and opposite forces on the rod. (a) Write a computer program which can 
be used to determine the magnitude of the reactions at A and By the normal 
stress in each element, and llie deformation of each element, {h) Use this 
program to solve Probs. 2.51, 2.59, and 2.60. 



SOLUTION 

Wf COMPUTB THB VlipificeMBNTs AT B 
THFRe fS NO support At B: 

TEMPBfiATURE CHANGE J 
COMPUTB BACH pLEMeWf 

(f, = L,- T 

UP OATS TOTAL PeropMATlOhJ 

<fe “ ^ fi' 

Compute cTp dub to unit loaq at & 

Uh}\7 Li/AcE[ 

IIPP/^TE TOTAL unit OEFOAMAriON 

unit (Tg = ywiT fg + OHIT S', 

COMPUTE RBACTIQAJS 

FROM 5<JPl:rPii.>Tl6t/ 

Rb = ( '^8 ' V 

TNew 

FOR EACH FLEMBN T 

(T^ - 

r CX^' 7* i“ H 0 ^ ij 



CONTINUED 




PROBLEM 2X3 CONTINUED 



PRQ6Rf\M omPUT 



Problem 2.51 
R - 125.628 kN 



Element 



Stress (MPa) Deform, (microm) 



1 -44.432 

2 -99.972 

Problem 2.59 
R - 172.835 kN 



Element 



Stress (MPa) Deform. (mm) 



X15.223 

-96.019 



0.236 

0.24 



Problem 2.60 
R - 232.390 kU 



Element 



Stress (MPa) Deform. (microm) 



-116.195 

-290.487 



363,220 

136.780 
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PROBLEM 2.C4 








2,C4 Bar AB has a length I and is made of two different materials of given 
cross-scctionai area, modulus of elasticity, and yield strength. The bar is 
Shbjeetdd as shbvim to a I6ad P which is gradually increased from zero until the 
deformation of the bar has reached a maximum value and then 

decreased back to zero, (a) Write a computer program which, for each of 25 
values of Sm equally spaced over a range extending from 0 to a value equal to 
120% of the deformation causing both materials to yield, can be used to 
determine the maximum value Pm of the load, the maximum normal stress in 
each material, the permanent deformation Sp of the bar, and the residual stress 
in each material, {h) Use this program to solve Probs. 2,1 U, and 2.112. 



SOLUTION 

A/ore ; rne Fouoi^ihi6 assumes < (<r^)^ 

QlSPjhCBMBNT iNCREHjpNl 

= O.OT 

PliPLACBMPh/JS AT YIBLOING 

= fe = (<rr\L/^z 

FOR EAc/^ OISPLACBMENT 

/F <f^ < 

- cTm 

I 0-y ), 

B z/ B 

Pyy, = A,<r, -I- ( } hz fz 

IF ^ > (Tg r 

a; =(0 3, <ri=('<ry)z 

P„ = A, t <Tz 

pefKHABl£An PBPORMA-yo/^^ 

SL6P£ of FIP51 (BLASllc) SE^MBNJ 
SLOPE = (A/E, iAxPz )/^ 

Sp^ - (Pfy^l ) 

(crj,e. - (F, Pm Hi Uopb)) 

K)n.- <r,-('EzP-./a5«ff)) 



CONTINUEO 




PROBLEM 2.C4 CONTINUED 

PKO&kfiM OUTPUT 



htA 

/rtin 

0 


Problems 

PM 

kN 

0 


2,109 and 2. 

St 6, MCI) 
MPo, 

0 


no 

MP^ 

0 


J>p 

0 
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>o7«6oo 
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7?^ 


oao 


iqSiOoo 




O' 1 Olf 


f \ o ! (p 




Tp QOH 


sni‘ 


0>17-^ 


h 1 


tsk>'000 
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siG,RU) s/a/ni) 

MP^ tAfh. 
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puter program to determine the allowable load P for the given values^ of r, D, 
the thickness t of the bar, and the allowable stress rr,,// of the iiiaterial. Know- 
ing that r ~ 6 mm, D ™ 75 nmi and tr^n - 1 10 MPa, determine the allowable 
load P for values of i from 3 mm to 18 mm, using 3 inm increments. 

SOLUTION 

BhITB K 

Oy cr^„ 

COMPUTE K 

m - 2.0 r/d 

3.00 -3.13 ROt 3.66 
COMPUTE average STRESS 

ALLOWA&LB LOAD 
PROGRAM OUTPUT 



adius 


Allowable Load 


(mm) 


(kN) 


3 


16.405 


6 


16.023 


9 


15.368 


12 


14.391 


15 


13.165 


18 


11.721 
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PROBLEM 2X6 




2X6 A solid truncated cone is subjected to an axial force P as shown. The 
exact elongation is (PL)/(2 mPE). By replacing the cone by « circular cylinders 
of equal thickness, write a computer program that can be used to calculate the 
elongation of the truncated cone. What is the percentage error in the answer 
obtained from the program using (a) n - 6, (h) n~ 12, {c) n ^ 60. 



SOLUTION 




FOR, i ^ I TO n: 

Li ^ (I T o.s}(l/n) 

~ 2c - c ( Li/ L) 

ARHA; 

A = r 

Dispif^ceneitT : 

f T f T P(L/»^)/ /A e) 

^XACl OlSPLACEMEf^r : 

r ^ pl/ip-oitPe] 

EXACT / 

PERCENTAGE ERROR; 

^ ioo(f- 



Pf^06PAM OUTPUT 



n 


Approximate 


Exact 


Percent 


6 


0.15852 


0.15915 


-.40083 


12 


0.15899 


0.15915 


- .10100 


60 


0.15915 


0.15915 


- .00405 
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